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Instructional Films for Permanent 
Way 

{ue Railway Executive recently com- 
missioned a series of instructional films on 
yarious aspects of permanent way work, the 
first five of which have now been completed. 
It is intended to show these films to railway 
engineering staff all over the country during the 
t year. We were recently invited to see 
some of the films, each of which gave very clear 
and concise instruction in the particular prob- 
Jem of maintenance with which it was concerned. 
The first one tells lengthmen and gangers how 
the Hallade track recorder makes a continuous 
record of the movements of a train during a 
journey, and so shows up the good places and 
the bad places in the track, thus enabling all 
track faults to be found and corrected. The 
second film gives instruction in the normal 


maintenance tasks which have to be performed .- 


by lengthmen. It shows how all kinds of 
fastenings on both bull-headed and flat- 
bottomed track are maintained; details the 
maintenance of rail joints ; shows how hanging 
sleepers are repacked, and deals with the pre- 
servation of correct cant and alignment on 
curves. Continuing the study of the normal 
tasks performed by a gang, the third film deals 
with the maintenance of switches, common and 
obtuse crossings, and switch diamonds. These 
are the fundamental units from which all lay- 
outs, however complicated, are built up. There 
is then a film showing in some detail the adjust- 
ment of rail creep on a section of line where some 
expansion gaps have closed up too much, while 
others have opened out too much. A mech- 
anical device, the creep adjuster, is used to 
correct the rail creep. The fifth film is about 
ttack buckling and its prevention. Buckling 
may result from rail creep, which causes 
expansion gaps to close up; seized fish- 
plates which may prevent the free movement 
of the rail ends during expansion; lack of 
proper ballast or bad sleeper packing, either of 
which may allow sleepers to shift out of place. 
The film shows what precautions must be taken 
and what maintenance practices must be 
carried out, in order to stop all risk of track 
buckling. 


Report of H.M. Chief Inspector 
of Mines 


THE annual report—dealing with the year 
1950—of the Chief Inspector of Mines has been 
published this week by order of the Ministry of 
Fuel and Power. It records that through mining 
accidents during 1950 there were 493 people 
killed and 2020 ‘“reportably”’ injured, the 
comparative figures for the preceding year 
being 460 and 2180 respectively. The report 
says that ‘“‘ fall of und’’ was again re- 
sponsible for the biggest number of fatalities 
with “haulage” a good second. Although 
there was a decrease, compared with the pre- 
ceding year, in the number of people killed from 
those two causes, the gains were more than 
offset by the disasters at Knockshinnoch and 
Creswell collieries, which accounted for ninety- 
three deaths. The number of immediately 
reportable non-fatal accidents was, however, 
the lowest ever recorded. The number of 
minor accidents recorded—in most of which the 
physical injury is comparatively small—has 
progressively increased in recent years, and in 
1950 was such that there was one accident for 
every three persons employed in the industry. 
But, the report notes, analysis of those acci- 
dents indicates that their numbers are in- 
fluenced by factors other than the hazards of 
the mine. There were no major gas or coal dust 
explosions in 1950, but there were forty-three 
smaller explosions, nine more than in the pre- 
ceding year. The Chief Inspector’s comment 
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on this is that, although careless or reckless 
conduct on the part of an individual at the site 
of origin of the explosion was usually re- 
sponsible for setting it off, too often the primary 
cause was faulty ventilation. The rate of pro- 
gress in the measures taken to prevent and 
suppress airborne dust is, with few exceptions, 
not yet satisfactory, and, according to the 
report, among management and men alike at 
too many pits “ there is still a grievous lack of 
awareness of the seriousness of the airborne dust 
problem and of a sense of urgency in tackling 
it.” Fires at underground conveyors reached, in 
1950, the high record number of eighteen, and 
the Chief Inspector considers that the measures 
taken for the prevention, .early detection and 
fighting of fires at mines, both on the surface 
and underground, need strengthening through- 
out the country. During 1950, the report says, 
there were 1663 mines at work under the Coal 
Mines Act, 1911. H.M. tors of Mines 
made a total of 30,411 inspections, of which 
21,454 were made underground. 


Birmingham College of Technology | 


AT a presentation ceremony which took place 
last week at the College of Technology, Bir- 
mingham, Hororary Associateships of the 
College were conferred upon Professor Harry 
Berry, F.R.I.C., Dean of the School of Phar- 
macy, University of London; Dr. Donald 
Parkinson, F.Inst.P., manager of the com- 
pounding research division of the Dunlop 
Rubber Company, Ltd.; Mr. W. H. Brent, 
M.I.E.E., Midland regional engineer, General 
Post Office; Mr. N. 8. Fitter, M.I.0.B., 
managing director of Fitter and Sons, Ltd.; and 
Mr. Brian G. Robbins, A.C.G.I., M.I.Mech.E., 
secretary of the Institution of Mechanical 
Engineers. At the same ceremony 117 men and 
four women were admitted as Associates of the 
College on the successful completion of advanced 
courses of study. Speaking during the pre- 
sentation ceremony, the Principal of the 
College, Mr. J. Wilson, referred to the influence 
of the college on the industrial and communal 
life of Birmingham. Every year, he said, about 
2000 students completed courses leading to 
certificates, diplomas and degrees, and another 
2000 completed courses undertaken, not for 
recognised qualifications, but simply in the 
pursuit of knowledge of value in their work. 
Mr. Wilson went on to speak of the broadening 
of the technician’s education, commenting that 
the humanities were still not accorded a place 
in technical education in this country. There 


-was an urgent need, he claimed, to redress the 


balance of over-specialisation by offering to 
advanced students sandwich courses similar to 
those available in the U.S.A. In this country, 
Mr. Wilson said, we had allowed ourselves to 
become so hedged about by the demands and 
requirements of this and that body and insti- 
tution that we could not get on with the urgent 
business of negotiating courses to meet the real 
needs of jndustry. . 


Honorary Membership of the 
Institution of Electrical Engineers 


THE Institution of Electrical Engineers has 
elected two honorary members: Sir Arthur 
P. M. Fleming, for his distinguished work in 
electrical engineering, particularly in technical 
education, for his -contributions to scientific 
research, and for his services to the Institution ; 
and Sir Edward Appleton, for his distinguished 
work in pure and applied physics and his 
researches into the characteristics of the iono- 
sphere, and the part they play in determining 
the propagation of radio waves. Sir Arthur, 
who is a native of Newport, Isle of Wight, 
was educated at Finsbury Technical College, 
and took his practical training with the 





London Electric Supply Corporation and, later 
Elliott Brothers. _ In 1900 he joined the 
British Westinghouse Company, as it was 
then, and went to the Pittsburg works of the 
Westinghouse Electric Company for two years 
to complete his practical training. He was 
instrumental in founding the research depart- 
ment of the Metropolitan-Vickers Electrical 
Company, Ltd., at Trafford Park, where the 
work carried out under his guidance included 
the development of a technique for making 
high-voltage, high-vacuum equipments and of 
demountable large-power thermionic valves 
which were used in radar. He has been on the 
governing bodies of many universities and 
educational committees, and he was knighted 
in 1945 for his services to education. His 
membership of the Institution began in 1905 ; 
he first served on the Council in 1932 and was 
elected vice-president in 1935 and president in 
1938. In 1941 he was awarded the Faraday 
medal of the Institution. Sir Edward Appleton 
was born in 1892 and educated at Hanson 
School, Bradford, and St. John’s College, 
Cambridge, where he took the Natural Science 
Tripos in Physics. After serving during the 
1914-1918 war, he returned to Cambridge as 
assistant demonstrator in experimental physics 
at the Cavendish Laboratory. From 1924 to 
1936 he was Wheatstone Professor of Physics at 
the University of London, and for the next three 
years he was Jacksonian Professor of Natural 
Philosophy at Cambridge. Then for ten years 
he was secretary of the Department of Scientific 
and Industrial Research. Now he is Vice- 
Chancellor of the University of Edinburgh. 
Sir Edward’s early research work on the pro- 
pagation of radio waves and particularly on their 
reflection and refraction, was of fundamental 
importance in the evolution of radiolocation, 
and the naming of the Appleton layer of the 
ionosphere marks his work in this field. In 
1947 his achievements earned the award of the 
Nobel Prize for Pliysics. 
Productivity Teams 

THE Anglo-American Council on Productivity 
has announced the departure for the U.S.A. 
this week of two productivity teams, one to 
study plastics moulding, and the other to 
investigate current practice in industrial design. 
The first team, which is being led by Mr. A. L. 
Sparshott, of the Witton Moulded Insulation 
Works of the General Electric Company, Ltd., 
is interested primarily in the degree of pro- 
ductivity attained in the American moulded 
plastics industry. The team will be given 
opportunity to study plant lay-out and equip- 
ment, problems of sales and distribution, indus- 
trial relations and public relations. Other 
matters to be studied include developments in 
mould and tool design,-in mould fixtures and 
specialised handling of the newer thermo- 
plastic materials. Members of the team are 
to attend the forthcoming fifth National 
Plastics Exposition and Conference in Phila- 
delphia. The design and productivity team is 
under the joint leadership of Mr. R. 8. Medlock, 
research and development engineer of George 
Kent, Ltd., and Mr. M. Hartland Thomas, 
chief industrial officer of the Council of Indus- 
trial Design. It intends to make a study in the 
engineering and allied industries of the U.S.A. 
of how design can be integrated with production 
to ensure the best utilisation of available 
materials. It will also examine the organisa- 
tions and methods adopted for securing effective 
co-operation between research, design, develop- 
ment and engineering departments. Special 
attention is to be paid to the simplification of 
procedures, reduction of scrap and the cutting 
of costs in relation to quality and customer 
requirements. 
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Phenomenological Theories of Creep 
By A. GRAHAM, MSc., D.1.0. * 
No. Il—({Concluded from page 201, February 8th) 


A formula with four adjustable constants relating permanent strain to stress, time 
and temperature, is shown to represent successfully the decelerating stage of uniaxial 


creep in several dissimilar metals. It embraces many 


well-known empirical laws of 


creep, for non-metals as well as metals, excluding only, so far as is known, laws 
alternative to those embraced ; and it may be generalised to cover certain anomalies. 
Its applications to tertiary creep, to the tensile test, and to stress relaxation are con- 
sidered, together with its limitations as an equation of state. A closely allied formula 
is then put forward which is hardly distinguishable from the first over* a small range 
of temperature, and for which the state of the metal is not characterised by the 


instantaneous rate of straining. 


CoMPARISON WITH PREVIOUS EMPIRICAL 
FoRMULZ 


ROM the fundamental viewpoint (13) is 

apparently significant by comparison with 
experiment in the statistical sense of the 
opening paragraph; it may be further 
supported by establishing relations with 
other formulz that have been proposed. 

Hollomon and Lubahn’s equation? is 


e \2r (F-x7mé 
o—Der(<) € €o” | (14) 


in which DEFGH é, are constants. Equa- 
tion (13) differs from this only in that the 
exponent of « is a single constant. Reasons 
for the agreement are not far to seek, for if 
T and « are constantt (13) becomes 


fe \er 
o=o4=) e™=ae™ (€, T, constant). . (15) 


in which a is dependent only on 7 and é¢, 
while if T and « are constant, 


2 ‘ 
O=—eF ° emT =e", (ce, T, constant) . (16) 


in which A and p» depend only on 7 and «. 
These two well-known and often fufilled 
laws 7: 24, 25, 26, 2 are two of the three relations 
initially assumed by these authors as a 
basis for their argument ; their third, namely, 
(4) above, was that used by MacGregor and 
Fisher to derive their parameter (2). There 
is no direct counterpart, however, for assump- 
tion (5) of the present paper. Most of the 
evidence adduced by Hollomon and Lubahn 
in support of (14) applies also to the present 
formula and need not be repeated, although 
that (for lead) in support of their exponent 
of ¢« is, of course, contradictory. However, 
several factors considered later render the 
basis of comparison far from simple, and the 
strength of (13) lies, in view of the philosophy 
of the first paragraph, in that it contains 
the least possible number of adjustable 
constants in relation to the number of 
variables involved. 

Equation (15), which was put forward 
by Bach in 1888 and, with an additive 
constant on the right, was used by Ludwik, 
has some claim to be considered the basic 
form of stress/plastic-strain relation in the 
ordi tension test; it has been widely 
used in the U.S.A. This result is significant 
in that the assumptions of paragraph 2 
do not directly refer to the tension test in any 
way, although such a test contributed to the 
confirmation of (2). The view is therefore 
supported that a connection exists between 
creep and tensile-test behaviour,, a view, 
however, which has not yet by any means 
been confirmed. 

In regard to (16), the linear relation 

* National Gas Turbine Establishment, Whetetone 
Leicester. 

¢ To hold € constant while allowing € to have a finite 
value, or to hold ¢ constant, is to consider relations 
between values obtained in experiments on different 
specimens. 





between log o and log é requires « to be con- 
stant, whereas a linear relation is usually 
sought for minimum rates of creep. In 
view of the stress-strain relation (15), for 
which it has often been shown that necking 
instability, which would give rise to tertiary 
type creep, commences at a strain «=m 
(constant), the two conditions are here the 
same; but this result cannot be general. 
A reason for the linear relation often observed 
is perhaps afforded by the form taken when 
temperature and time are held constant, for 
then§ 
o=Aemtal, (t, T constant) . . (17) 

A being a function of 7. Direct evidence 
in support of this is provided for a 0-35 per 
cent carbon steel by the experiments of 
Robinson”’ in the A.S.T.M. series of experi- 
ments previously mentioned, for copper and 
some copper alloys by Burghoff and Blank,* 
and for magnesium by Laurent and Eudier.” 
The usual interest in the minimum rate, often 
taken arbitrarily to be the final rate at the 
completion of a long test, involves an uncer- 
tain compromise between (16) and (17), and 
the difference between the exponents of « 
may thus account for discrepancies. 

Equation (14) may at once be written in 
the form 


on an rr ere | 


in which B, k, % are functions of 7 only. 

This is precisely the law originally pro- 
posed on empirical grounds by Nutting® to 
represent the deformation of pitches, and 
subsequently shown by himself and others, 
particularly Scott Blair** and collaborators, 
to represent very well the deformation of a 
wide variety of non-metallic materials such 
as resins, paints, rubbers and concrete. 
It is significant also that Buist and Seymour” 
and Goldsmith*t have successfully repre- 
sented the behaviour of a range of non- 
metallic materials by empirical formule 
closely similar to (16), for constant tempera- 
ture, in which é occurs to a power. 

Equation (18) was originally proposed to 
represent not merely “forward creep” 
under constant load, but also strain relaxa- 
tion after removal of load (elastic after- 
working). Nutting** applied it to steel, but 
only to strain relaxation, and he pointed 
out that with (8, &) equal to (1, 0) and (1, 1) 
respectively, (18) reduces to Hooke’s law 
and to the law of Newtonian viscosity, laws 
no less empirical than his own. He also 
offered a theoretical derivation.** Scott 
Blair with Veinoglou** and Caffyn™ have 
found it to apply to the relaxation of stress 
under constant deformation, although they 
considered how to improve it to account for 
certain discrepancies. 

It will have been noticed that, in order 
to obtain (la), thus regaining one of the 
original laws from which (13) was derived, 


§ See Footnote ¢ on this page. 
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and to obtain (18), (13) must be integrated 
from the particular limit «=0 when 1x9 
This will not in general be strictly true, for 
some plastic straining may have occurred 
during the preparation of the material, [y 
general, «=e«, when ¢t=0, and the resu't 

1 1 1 

n n Ilfo\?. 
is obtained, which is not, like (1) « linear 
relation between log « and log t. This sug. 
gests, since non-linear. relations are fre. 
quently found, that (13) may be more weneral 
than the literal assumptions upon wiich jt 
is based. The materials considered above 
have been selected for their apparently 
negligible values of ¢«,. If, in place of the 
limit above, the limit e=0 when t=-—+t, is 
taken, i.e., the origin of time is taken at that 
appropriate earlier moment from which, if 
the constant stress of a creep test were at 
that moment suddenly applied, the creep 
extension that would occur up to the time 
the creep test actually commenced would be 
equal to ¢,, then the formula 

1 1 

n 


1 
‘ ~ oO ealt-+te) ace. (ae 


is obtained. Comparison of (20) with (la) 
leads to the conclusion that the effect of 
strain hardening on creep is to shift the 
origin of time without changing the values 
of the constants. This law has recently been 
discovered experimentally by Kennedy,* 
in connection with the Andrade formula, for 
lead. 


COMPARISON WITH STRESS-RELAXATION AND 
TENSION-TEST Data 


Since the Nutting Scott Blair formula 
has been successfully applied to relaxation 
and recovery as well as to forward creep, the 
question arises whether (13) will also apply 
to these phenomena. Rheologists, when 
applying (18) to non-metals, are not generally 
concerned with the detailed nature of the 
deformation, and take « to be the total 
extension ; but the results of paragraph 4 
suggest that, for metals, it must refer, like 
the measured creep extensions, to the total 
minus the instantaneous extension associated 
with application of load. In the turbine-bolt 
problem of stress relaxation at constant 
length, it is accordingly illogical to apply 
(13) directly, because the relaxation is 
associated with a gradual change, by creep, 
of elastic extension into permanent set. 
Relaxation must therefore be calculated 
from (13) according to the principle, which 
has already been used by Soderberg,* 
Davis,” and Popov,* that, if e is the elastic 
strain 


e+e=constant, 
so that 
. co 
in«in rs jreeeigsire,: (BR) 

This relation may be combined with (13) 
to provide the required formula. Very 
little data for creep and relaxation under 
comparable conditions appear to be available 
for analysis; indeed, no more than typical 
relaxation curves seem to have been pub- 
lished. In the case of those of Davis for the 
copper whose creep was considered in para- 
graph 4, use of the constants appropriate 
to creep yields relaxation curves that agree 
with experiment about as well as those 
calculated by him and Popov from less 
general considerations ; but the agreement 
appears to be of little significance on account 
of uncertainty in the value of Z and, owing 
to the extremely rapid rate of change of 
stress in the initial stages of a relaxation 
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test, in the stress at the moment when 
relaxation should be considered to begin. 
It is better to confine attention to rates 

of change, and write (13) with (21), as 

1 1 om 

ar ql ao 

Go =-—Gs TE Hs - 

€s E 


(22) 


then for small changes of «, as, for example, 
if the initial plastic strain is large compared 
with the elastic strain, c is proportional to 
git, This relation cannot be checked with 
any accuracy from Davis’s results, but 
Laurent and Eudier®® for an Al-Cu alloy, 
and Robinson,” in the A.S.T.M. experiments. 
for a 0:35 per cent carbon steel, have demon- 
strated the proportionality of é (i.e., —o/E) 
to a power of o. The value of g7' appro- 
priate to Robinson’s results is 0-18. 
For comparison, he also gives creep-test 
results in the form of a linear plot of log ¢ 
versus log € for the constant times of 500 
hours and 3500 hours (cf. (17) ). Both lines 
have the same slope 0-345, which is the 
value of the exponent m+qT7 in (17). The 
results therefore give 
m=0-345—0-18=0- 165. 

A value of m from direct experiment is 
provided by the results of Nadai and Davis,*’ 
in the A.S.T.M. series, who performed 
constant-strain rate tension tests at the 
same temperature on the same steel. Their 
Fig. 2 replotted as true-stress versus true- 
strain gives good straight lines (cf. (15) ) of 
slopes m varying irregularly for the different 
straining rates between 0-13 and 0-19, 
the mean being 0-16, in good agreement. 
The slope » of the log «/log ¢ graph should 


be (cf. (la) \aspi=0°82 from the above 


figures, while Robinson’s Fig. 1 provides 
a mean of 0-42. The mean value of n deter- 
mined from the full series of A.S.T.M. creep 
tests is 0-55, so that the tension-test value 
lies within the scatter of the creep values. 

The agreement between creep, tension- 
test, and relaxation results is as close as it is 
reasonable to expect, because, quite apart 
from the poor statistical significance of 
solitary tests, and the uncertainty of the 
initial conditions of stress and _ strain, 
behaviour is undoubtedly complicated by 
the directly recoverable component of creep. 
West,** for example, has reported a high- 
temperature delayed recoverable strain in 
iron as much as 50 per cent of the Hookean 
strain. 


Tue EQUATION OF STATE AND TENSILE TEST 
BEHAVIOUR 


The experiments of Orowan*® and of Dorn, 
Goldberg and Tietz‘ leave no doubt, how- 
ever, that the unique relationship assumed in 
the foregoing between oa, « é, and 7’ is not in 
general fulfilled, and the correlations found 
mean no more, in all probability, than that, 
with ordinary materials of manufacture, dis- 
crepancies may often lie within the scatter 
of practical tests. In default of some- 
thing better, and as a rough guide to the 
relationship between various test con- 
ditions, equation (13) may be useful, and 
from this point of view it provides an interest- 
ing co-ordination of various aspects of creep 
behaviour. 

The relationship between o, « and 7’, is 
illustrated, for nimonic 80 as example, in the 
isometric “‘ MacGregor-Fisher diagram,” Fig. 
6. Representation of creep data alone does 
not involve the conditions of an equation of 
state, for only one set of stress-strain-time- 
temperature paths is concerned, namely, the 
constant stress paths a,, a... . in the figure. 
They are only involved when constants 
based on one type of test are used to predict 
behaviour in another. 
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Lines 6 represent stress/plastic strain dia- 
grams in tension tests at constant tempera- 
ture and constant rate of plastic straining 
(ef. (15)), and line c could represent a 
relaxation test. Calculation of behaviour in 
one form of test from that in another assumes 
that the state at point Q, for example, may 
be reached from the point, wherever it may 
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(50 deg. Cent) and time (factors of at least 
6-12). Insufficient tertiary data is available 
for the remaining materials to check the 
method further, but successful representation 
of tertiary creep by a power formula has been 
reported by other workers (eg., J. de 
Lacombe.‘ 

For this particular material, in view of the 
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FiG. 6—-MACGREGOR-FISHER DIAGRAM FOR NIMONIC 80 


be, that represents the state of an unused 
pe gape by the alternative paths that meet 
at Y. 

In the creep test contours a of Fig. 6, creep 
occurs, at a rate determined by the local value 
of T',, when T' is given, in the direction of the 
arrows; creep thus involves progression 
“along the stress-strain diagram,” though 
the “diagram ” refers to higher and higher 
values of 7',, as the test proceeds. Different 
forms of creep curve are thus to be associated 
with different forms of stress-strain diagram. 

It is at first surprising that a formula that 
includes the parabolic stress/permanent- 
strain law (15), for which permanent strain 
increases smoothly from the zero of stress, 
and which is accordingly thought to apply 
most closely to soft pure metal single 
crystals, should so reasonably account for 
behaviour in a commercial alloy. With the 
materials here considered the absence of 
permanent set on applying the load indicates 
that the creep tests were made at stresses 
below the apparent proportional limits in 
rapid tension tests at the creep testing temp- 
eratures.. 
these materials, from zero stress to fracture, 
are undoubtedly not of simple parabolic form 
over the whole of their range, but probably 
consist, like that for the copper, which was 
prestrained 8 per cent when cold, of two 
sections, the first steeper than the second. 
The existence of two-section stress-strain 
curves with each section parabolic has been 
shown experimentally.** *® According to 
this view, the creep figures discussed earlier 
are associated, except perhaps for lead, with 
the initial steep section. 

The view that both sections are parabolic for 
Nimonic 80 is supported by analysis of the 
tertiary stages of creep. It is found that 
these may be co-ordinated in terms of 77,,, 
with the same value of k as previously found, 


_and for «>0-145 per cent may be repre- 


sented by (13) with o and m altered to 

6s3= 2340 tons/in*® m= — 0-166, 
q and g, remaining unchanged. Fair agree- 
ment is now extended to the larger strains, 
as shown-in Table VI, which corresponds to 
the last two columns of Table III. Serious 
discrepancies occur only when extrapolation 
is considerable both in respect of temperature 


The stress/true-strain curves of 


negative second value of m, instability and 
tertiary creep ensues when the strain reaches 
the knee of the stress-strain curve. For other 
materials, however, the second value of m 
may be positive like the first, in which event 
the creep curve may merely change direction, 


Tasix VI—Tertiary Creep of Nimonic 80 


Difference ( %) in stress from Mond- 


nickel values for strains of : 

Ti d te be — 
ime an mpera- per r 
ture, deg. Cent.: cent ze 

100 hours : 
600 25°: + 7-7 
650 — 14. — 2-1 
700 — 56 . — 4:3 
750 + 5-3 — 2-0 
300 hours: 
600 3 0 0 
ea — 6-6 
700 — 5-7 — 4-3 
750 +19-4 + 7-6 
1,000 hours : 
600 + 0-8 — 6-0 
650 — 6-9 — 73 
700 — 0-4 — 0-8 
750 +38 +32 
5000 hours : 
MS bea, eee 0 — 4:0 
CEO HES — 6 
POR sic ces AS +14 
ee +69 
10,000 hours: 
ee " dae = 
650 + 3 — 2 
700 + 36 +21 
750 +102 +93 


or may be nearly zero, leading to prolonged 
apparently viscous creep at a steady rate. 
Both conditions are often observed. 


An ALTERNATIVE ForM oF EQUATION 


In order to meet objections that have been 
raised against the existence of an equation of 
state in the foregoing terms the instantaneous 
rate of change of strain may be removed by a 
simple change of argument, and without 
much effect on the previous discussion, from 
the list of variables assumed to determine the 
state. In place of the MacGregor-Fisher 


. variable (2) the variable 


t’ 
71+ loge “Y= (23) 
may be taken. This has been found to repre- 
sent with reasonable success the inter- 
dependence of the effects of temperature and 
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time in such thermal processes as recrystal- 
lisation,* thermal softening,“* temper- 
ing“  ageing,“* &c. In (23) a and ?’ are 
constants. The time is now introduced 
explicitly into the reasoning. 

With only the change from 7, to @ in 
para. 2, the argument of para. 3 proceeds 
much as before. In place of (9) we obtain 


—=constant ... . (24) 
and, in place of (13), 
t 4 
sao). (25) 


in which o;, ¢;, » and { are fresh constants. 


The new equation is seen to be, without 


further manipulation, in the form of the 
Nutting equation, generalised, as previously, 
to include an influence of temperature. It 
directly embraces, or from it may be derived, 
sub-laws of similar form to those previously 
derived from (13). 

In the fitting of creep curves over the 
temperature ranges usually involved in 
designers’ data, the difference between (25) 
and (13) is not very great. For constant 
stress and temperature (25) is 


<i" — constant, 
whence, by differentiation, 


4 (26) 
u t 


Elimination of ¢ between (25) and (26) 
yields 





€= 


(27) 





o u a ef... et 
2.(-4,) Pa (éts) 
When, as in the data above, the range of T is 
small compared with 7’, and there is consider- 
able scatter, (27) is hardly distinguishable 
from (13), and the significance of any differ- 
ences found would be debatable. Apart 
from temperature variation, equation (27) 
reproduces (15) and (16) in form, and, if 
e is eliminated between (25) and (26), the 
form of (17) is reproduced. The discussion 
of paragraph 6, which refers to experi- 
mental work at a single temperature, is 
affected only in unimportant details if (27) 
is taken in place of (13). 

To discuss tensile tests at constant rate of 

, or at constant rate of application 
of stress, (25) must be differentiated with 
respect to t, both o and « being considered 
as variables, and ¢ eliminated by using (25) 
a second time. The result is a differential 
equation which must be solved for the 
bounding conditions of the problem con- 
sidered. The argument has already been 
given by Scott Blair and Reiner,’ who, 
however, worked with the original Nutting 
equation without explicit mention of tem- 
perature. Direct application of their results 
is found to generalise the foregoing formule 
by the introduction of initial values of 
stress, strain and time. Moreover, the 
remaining sub-laws of paragraph 5, but with 
somewhat different temperature variations, 
are predicted. These authors consider 
their differential equation to be more funda- 
mental than the Nutting equation from which 
they started, and this is tantamount to the 
assumption that behaviour ‘i8 governed not 
by an “equation of state,” but by a 
“ differential equation of state.” 

To decide between (13) and (25) on the 
basis of creep tests alone requires tests 
covering a wide range of absolute tempera- 
ture. The difficulty then arises that the 
complication of effects like blue-brittleness 
in steels, which the assumed law of tempera- 
ture variation contained in (5) advisedly did 
not attempt to take into account, is but with 
difficulty avoided. Some recently published 
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results by R. P. Carreker (Jnr.),“* who worked 
with pure platinum over the temperature 
range 78-1550 deg. K., are, however, of 
considerable interest. This worker showed 
his results to be, in most respects, in good 
agreement with the Holloman-Lubahn 
formula; but they fit (25) and its conse- 
quences at least as well, and, moreover, 
their general trend is in agreement with (24), 
a prediction not made by that formula. 


CONCLUSION 


From the viewpoint of the practical engi- 
neer, any formula is rightly discounted when 
it fails to fit the particular data he has at 
hand, and the considerations of this paper 
will be of value to him only when direct 
sources of information are not available. To 
those who are concerned with the development 
of new materials, and are interested in the 
placing of alternatives in an order of merit, 
exactness of fit is not so critical. Use of 
certain of the formule may accordingly be 
found to give a considerably increased 
yield of information from a testing pro- 
gramme, and perhaps to provide a more 
concise view of the effects of certain changes 
than is available from a sheaf of experi- 
mental graphs. Those interested in the 


development of a theory of creep may be 


less immediately concerned with whether, 
for example, the laws of variation with 
temperature are correct, for relatively simple 
changes might put this right, than with 
whether considerations of the general kind 
put forward will lead to a satisfactory theory. 
It is evident that, since the full argument 
involves, as shown by the work of Scott Blair 
and Reiner, the introduction of the constants, 
ordinarily freely adjustable, of the initial 
values of stress and strain, in addition to the 
four of (13) or (25), such questions will not 
be decided unambiguously by experiments 
of a single form that cover only a small range 
of the variables. Study of the relationships 
between the results of different forms of 
experiment appears to be a firm way of 
making further advances, and preliminary 
considerations of this kind suggest that 
(25) will provide a better basis than (13). 
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Gas Turbine Locomotive No. 18,100 


No. II—(Continued from page 177, February 1st) 


In our issue of February 1st we gave a general description of the first British- 
built gas turbine locomotive, and in the article which follows some of its main 
elements are dealt with in fuller detail. A drawing reproduced in an inset plate 
shows the arrangement of the equipment and principal units of this 3000 h.p. unit. 


HE inset drawing which accompanies this 

issue of THE ENGINEER, and the photographs 
reproduced herewith, show the arrangement of 
the equipment in the gas turbine locomotive 
No. 18,100. 

In this locomotive the body and underframe 
are built as a single unit assembled almost 
entirely by welding. The principal members 
are two solebars, consisting of continuous plates 
of deep section, reinforced by top and bottom 
welded flanges and tied together at each end by 
welded headstock structures. The solebars 
are attached by fitted bolts to the main support- 
ing structures, which are also welded assemblies, 
at the bogie centre locations; elsewhere they 
are cross braced by a lattice of rolled steel 
sections and by the floor plate. At cantrail 
height a well-ribbed curved plate section of the 
roof forms a rigid boom running on each side 
from end to end of the body except at the cabs. 
The body wall sheeting is welded to this boom, 
to the solebars and to the carlines, except where 
spaces are left for air filters and louvres. The 
aluminium alloy roof sections between the booms 
are removable for most of the length of the body 
to facilitate the removal of equipment. At each 
end of the locomotive the driving cab walls and 
roof form separate welded aluminium alloy 
structures mounted on the underframe platform. 

The bogies also are welded assemblies con- 
structed from plates, some of which have welded 
flanges. Their side frames are connected by the 
headstocks and by two cross stays, all built up 
of welded plate. We reproduce a photograph 
of one of the bogies with its traction motors in 
position. 

As has been already stated, the body is sus- 
pended from the bogies by swing links, which 
can be seen in the drawing and in the photograph 
opposite. There are eight of these links—two 
on each side of each bogie outside the bogie 
frames. Each link end contains a rubber 
universal joint, in which there is no metallic 
contact between the elements. The lower joint 
is, in each case, attached to the lower end of the 
body support brackets and pairs of upper 
joints are attached to longitudinal equalising 
beams. At the middle of each of these beams 
is a rubber universal joint, which rests in a 
corresponding support bracket on the bogie. 

The resilience of the rubber joints permits the 
necessary, relative angular motion between 
body and bogies about the vertical and trans- 
verse axes and allows the lateral relative 
movement necessary to give good riding at high 
speeds. The restoring forces are mainly those 
due to gravity, as those arising from deforma- 
tion of the rubber are relatively small, although 
they provide a measure of damping against 
hunting. More effective damping is provided 


. 


by hydraulic dampers fitted at four points on 
each bogie and connected between the body 
underframe and bogie frames by links with 
universal rubber joints. These dampers resist 
lateral displacements and vertical axis rotation 
of the bogies in relation to the body with forces 
which are functions of the rate of movement. 
Relief valves are fitted to the dampers to pre- 
vent these resisting forces from exceeding 
certain predetermined limits. 

The longitudinal reactions between the body 
and bogies, arising out of traction and braking 
forces, are taken through a pivot pin on the 
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vibrations caused by track irregularities. 

Another essential for good riding at high speed 
is the avoidance of axle transverse play relative 
to the bogie, and in order to reduce this to a 
minimum use is made of roller bearing axle- 
boxes with only nominal play on the axles and 
in the horn guides. The axleboxes have two 
rows of rollers and one row of balls for end 
location, and they are lubricated by oil. The 
boxes are very closely guided in the slides with 
initial clearances of only 0-010in in both hori- 
zontal directions, the wearing surfaces being 
of manganese steel on the boxes and of oil- 
hardened steel on the guides, with grease 
lubrication. On each axle close guiding in the 
transverse direction is applied to one box only, 
the other having ample transverse clearances ; 
the axle is thus located from one end only. At 
each end a trunnion horn guide permits canting 
of the axle in relation to the bogie. 

A high degree of flexibility of springing, 
which is another requirement for high-speed 
running, is obtained by the use of two springs 
in series at each axlebox, one above and the 
other below the box. This arrangement has 





BODY SUSPENSION AND SWING-LINK SYSTEM 


body which carries a parallel motion linkage, 
coupled to the bogie cross stays and equipped 
with rubber universal joints. This arrangement 
does not interfere with any of the other relative 
movements between body and bogies. 

The use of rubber at the points of relative 
movement dispenses with the necessity for 
lubrication and rectification of wear of metallic 
surfaces, substituting for them the renewal 
of standard rubber joint units at intervals, 
which experience indicates are likely to be 
lengthy. By using these rubber joints there is 
also a complete interruption of metallic con- 
nection between body and bogies and a conse- 
quent isolation of the body from high-frequency 





BoGIE FITTED WITH TRACTION MOTORS 


the additional advantage of eliminating spring 
hanger wear. 

Each traction motor is located transversely 
from the bogie frame by a rubber-bushed link, 
thereby eliminating the detrimental effect on 
high-speed riding of the free-play of such a 
relatively heavy mass along the axle within the 
suspension bearing end float limits, and avoid- 
ing the wear of suspension bearing thrust faces, 
which is normally the worst aspect of motor, 
bearing maintenance. The torsional resilience 
in the gear drive between motor and axle is 
another contribution to good riding at high 
speed and to reduced maintenance on track and 
running gear. 

The train is equipped with a vacuum brake 
system, but space considerations have led to the 
use of compressed air braking on the loco- 
motive. The driver manipulates the vacuum 
brake valves to apply the train brake, and a 
simple automatic valve applies a proportionate 
air application to the locomotive wheels, unless 
the driver prevents this interaction by pressing 
a thumb trigger on the brake handle. 

When running light in sidings and hauling 
unbraked trains in districts not equipped with 
automatic train control, the exhausters need 
not be run, and the locomotive brakes can be 
applied directly from an independent air brake 
valve. Each wheel is fitted with two clasp 
brake shoes. Four air brake cylinders on each 
bogie operate three brake shoes each. In each 
driving cab a hand brake operates on the six 
shoes on the adjacent one and a half axles, 


THE Gas TURBINE 


The prime mover of the locomotive is a 
simple open-cycle gas turbine without a heat 
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exchanger. The cycle of compression, heating 
and expansion of the air is carried out in a 
compressor, combustion chamber and turbine 
arranged in line and built into a single straight- 
through unit, as shown in the accompanying 
diagram. A photograph and general ar- 
rangement drawing of the power unit are also 
reproduced. 

The compressor is a fifteen-stage axial-flow 
machine with a pressure ratio of 5-25 at 7000 
r.p.m., and a mass flow of 50 lb per second ; 
it runs in two sleeve bearings. The turbine is a 
five-stage unit also running in two sleeve 
bearings and having its rotor directly coupled 
to that of the compressor. 

The whole of the combustion chamber is 
built up of heat-resisting steel, and it consists 
of six flame tubes with their axes parallel to 
that of the machine. These flame tubes are 
connected by flexible connection pieces at one 
end to the compressor outlet and at the other 
end to the turbine inlet. 

The compressor and turbine cylinders are 
connected together by a tubular member sur- 
rounding their shaft coupling so that they 
constitute a single structural unit on which 
the combustion chamber is mounted. Four 
pillar supports are used to carry the power 
unit on the underbed, and they have a 
sufficient degree of flexibility to accommodate 
expansion. A sliding key arrangement main- 
tains the lateral location of the unit, and to 


locate the inlet end of the compressor frame 
it is secured to the casing of the reduction gear, 
which is solidly bolted and dowelled to the bed- 
plate. The total axial expansion at the turbine 
end is about jin. The rotors of the compressor 
and turbine are located axially from a thrust 
bearing at the compressor inlet end. 

The compressor cylinder is of malleable iron 
and its rotor is a forged steel drum. The moving 
blades of the compressor are machined from 
stainless steel bar and its fixed blades are 
rolled from similar material. These blades are 
retained in dovetail slots machined axially 
on the rotor and circumferentially in the 
cylinder. White metal-lined bearings in, this 
unit are lubricated and cooled by a copious 
supply of oil under pressure, and a supply of 
compressed air is taken from an intermediate 
stage to a balance piston fitted at the inlet 
end for the purpose of balancing the end thrust 
of the combined rotors. 

Special heat-resisting materials are used 
for the construction of the turbine, the cylinder 
being an austenitic steel casting and the rotor 
an austenitic steel forging. The materials used 


for the blades are as follows :— ~ 
Fixed Moving 
blades blades 
First stage... Nimonic Nimonic 
Second stage ... Steel* Nimonic 
Third stage Steel* Steel* 
Fourth stage ... Steelt Steelt 
Fifth stage Steel} Steelt 
* Austenitic. Tt Molybdenum. 


In this turbine the bearings are of similar 
design to those used in the compressor, and 
additional cooling is provided by a flow of 
compressed air taken from an intermediate 
stage of the compressor. 
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Each of the six flame tubes of the combustion 
chamber is secured by quickly detachable unions 
to the compressor and turbine. - The flame tube 
has an outer casing and inner primary chamber, 
both fabricated from austenitic heat-resisting 
sheet steel. By means of metering orifices the cor- 
rect proportion of the air flow is introduced into 
the primary to give correct combustion of the fuel 
fed in at a pressure of about 650 1b per square 
inch from the fuel jets. The remainder of the 
air is mixed with the very high temperature 
products of combustion downstream of the jets 
so as to produce the designed temperature at 
the turbine inlet. Each flame tube has a double 
fuel injector with a small jet orifice for supplying 
idling fuel, and a large one fed from the main 
fuel valve. Two flame tubes are fitted with 
igniters, in the form of high-tension spark plugs 
combined with pilot flame fuel jets. To spread 
ignition to the other flame tubes tubular con- 
nections are provided between each pair of 
casings. 

To start the unit, the turbine is accelerated 
up to a self-sustaining speed by the main 
generators acting as motors fed from the starting 
battery and, once the driver has actuated the 
starting button, the process is entirely auto- 
matic. The successive steps in the process are 
initiated by a timing or sequence controller 
driven at a.controlled speed by an electric 
motor. In the starting sequence the auxiliary 
fuel pump starts, drawing fuel from the tank, 


GAS TURBINE POWER UNIT 


then the main fuel and lubricant pump starts, 
and the igniters are switched on. An auto- 
matic starting valve then begins to move 
and the turbine starts to rotate. By the time 
the turbine attains a speed of about 1000 r.p.m., 
the starting valve commences fuel delivery 
through the idling jets of the combustion 
chamber. From then onwards the fuel com- 
bustion assists in the acceleration and at about 
2500 r.p.m. the battery automatically dis- 
connects from the main generators and the 
turbine continues its acceleration under its 
own power to 4000 r.p.m. The time from 
pressing the start button until the turbine 
starts to turn is ten seconds ; some twenty-five 
seconds elapse before the battery is disconnected 
and a further thirty seconds before idling speed 
is reached. Full power may be taken from the 
turbine after about ten minutes’ warming up 
at idling speed or at low power. 

On shutting down the turbine after full-load 
running it has been found beneficial to have a 
cooling period of about ten minutes at idling 
or low power work. After stopping the turbine 
an automatic barring sequence comes into 
operation which motors the turbine for 
a few seconds at intervals of about three 
minutes to equalise the cooling stresses. An 
auxiliary lubricant pump circulates oil round 
the turbine bearings throughout the cooling 
period, and this pump is automatically stopped 
by a bearing thermostat at the appropriate 
time. 

Throughout the operation of the locomotive 
the turbine and generator are governed elec- 
trically to give. the output selected by the 
driver on the master controller, and at the 
turbine speed for most efficient operation at 
that load. While this electrical governing 

/ 
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deals with all normal working conditions, over. 
riding controls come into operation in the 
event of excessive turbine speed or gas tem. 
perature, excessive bearing temperature, op 
low fuel or lubricant pressures. 

The three shafts of the reduction gear lic in g 
horizontal plane, the middle one carryin: the 
pinion and each of the others a gear wheel, 
The pinion is made from case hardening steel, 
the single helical teeth profiles being ground 
after hardening. The gear wheel rims ave of 
65/72-ton chromium-molybdenum steel with 
the teeth finished by shaving. Each shaft jg 
hollow and runs in two white metal sleeve 
bearings. The drive shafts from the turbine 
and from the generators pass through the 
hollow gear shafts to couplings at the remote 
ends of these shafts, thus imparting a certain 
degree of flexibility to the drive without m»king 
the unit unduly long. The gears are enclosed 
in a fabricated steel gearbox and their teeth and 
bearings are lubricated from the main turbine 
lubricant pump. 


MAIN AND AUXILIARY GENERATORS 


Two of the three main generators form a 
tandem unit, their yokes being bolted together 
and both armatures being mounted on a 
common shaft carried in two roller bearings in 
the yoke end shields. The third main generator 
and the auxiliary generator form a similar 





tandem pair and the yokes of both tandem sets 
are bolted side by side to make up the generator 
group. An exciter is overhung from the 
auxiliary generator. Each of the main 
generators is a self-ventilated d.c., six-pole, 
compensated interpole machine, the field being 
fed from the exciter 

The ratings to B.S. 173: 1941 for Class B 
insulation are as follows :— 


Continuous 1100A, 666V, 1600 r.p.m. 
One hour + see ese 1260A, 580V, 1600 r.p.m. 
Maximum voltage .. 825V 


Maximum current 2200A 


The auxiliary generator and exciter are also 
self-ventilated d.c. machines. The former has 
six main poles and interpoles and is shunt 
excited under the control of a voltage regulator 
to give 110V irrespective of its load and the 
turbine speed. Its B.S. continuous rating 
(Class B insulation) is 65kW, 110V, 1280 r.p.m. 
The exciter has six main poles and interpoles 
and is excited by three windings—a separate 
excitation fed from the 110V auxiliary mains, 
a separate excitation regulated by the auto- 
matic output control gear and a reverse com- 
pound excitation directly proportional to the 
main generator total load current. Its B.S. 
continuous rating .(Class B insulation) is 
10-5kW, 55V over a speed range of 1280 to 
1600 r.p.m. 


TrRacTION Motors 


The six traction motors are separately venti- 
lated four-pole, series and interpole machines. 
Each is carried on its axle by plain suspension 
bearings and has roller bearings on its armature. 
The nose side of the motor yoke is suspended 
from the adjacent bogie transom by a link with 
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a rubber resilient bush at each end, a form of 
suspension which gives the necessary freedom 
of movement without the wear associated with 
the more conventional nose suspension arrange- 
ments. 

Transverse location of the motor in the bogie 
is by another rubber resilient bushed link 
between motor end and bogie main side frame, 
instead of the more conventional location by 
thrust faces on the suspension bearings against 
the bosses of road and gear wheels. The chief 
object of this arrangement is to eliminate the 
uncontrolled lateral movement of the heavy 
mass of the motor along the axle, which is 
inimical to good riding at high speeds. Another 
important advantage is the elimination of 
thrust wear on the bearing, which is generally 
the critical factor in suspension bearing 
maintenance. 

The ratings of the motor, to B.S. 173: 1941 
for Class B insulation and ventilation air flow 
of 26500 cubic feet per minute are :— 

Continuous .-- 550A, 666V, 706 r.p.m. (33-5 m.p.h.) 
Onehour ... ... 650A, 565V, 580 r.p.m. (27-5 m.p.h.) 
Max.current ... 1100A 
Max. voltage ©... 825V 

Single-reduction spur gearing of 21/58 gear 
ratio, 2-066 diametral pitch, provides the 
drive to the axle. The gear wheel incorporates 
torsional resilience, the rim being separate from 
the centre, but mounted on it through the 
medium of a series of rubber resilient bushes, 
which permit a small relative torsional move- 
ment. This arrangement cushions the trans- 
mission of shocks from rail to motor armature, 
[ particularly at rail joints or other irregularities 
and reduces the corresponding stresses in rails, 
gear teeth, armature shaft, and other armature 
parts, and contributes to better riding of the 
vehicle as a whole and to reduced maintenance. 
The gear wheel centre, rim and pinion are steel 
forgings. The teeth are cut after the blanks 
have been hardened by oil quenching. 


(To be continued) 
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C.L. Compressor Outlet Bearing 


Engineer Officers for the 
Merchant Navy 


A NEw scheme for training engineer officers 
for the merchant navy has been approved 
by the Ministry of Transport. The scheme 
proposes a two-year ordinary national diploma 
course in mechanical engineering at a technical 
college, supplemented by practical training 
during vacations, followed by eighteen months’ 
service as an apprentice at sea and a final 
period of twelve months’ special training in 
a marine engineering works. The. scheme 
is regarded as an alternative to the. four 
years’ training in an engineering works as 
required by the Ministry, for examinations 
for certificates of competency. Candidatee 
for admission to the first year of the courss 
must have had.a full time education, up to the 
age of sixteen, or. up to fifteen, followed by 
one. year’s part-time education at a technical 
college. The national diploma courses will 
begin annually in September and particulars 
of. shipping companies supporting the scheme 

* can be obtained from the Shipping Federation, 
the Employers’ Association of the Port of 
Liverpool, the Engineer Officers’ organisations, 
Youth Employment. Offices or the Ministry of 
Transport Mercantile Marine Office. 
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Books of Reference 


The “Practical Engineer” Pocket Book, 1952. 
Edited by N. P. W. Moore, B.Sc. London: Sir 
Isaac Pitman and Sons, Ltd., Parker Street, Kings- 
way, W.C.2.° Price 12s. .6d.—The, sixty-fourth 
edition of this useful book has been brought 
\ up to date and incorporates a number of revisions. 
The section on machine tools has been largely re- 
placed by one dealing in some detail with modern 
methods of machining materials. The section on 
welding and,cutting has also been rewritten to 
cover a wider range of information and’ includes 

3 particulars of modern developments and techniques. 
' In the steam section notes are now included on the 
solution of problems by the use of steam diagrams. 
The information given is well indexed and the usual 
useful technical dictionary in German, French and 
Spanish is included. 
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the Vibration of 


Freshly Placed Concrete 


By R. H. H. KIRKHAM, BSc., Ph.D., A.M.I.C.E., and A. C. WHIFFIN, Ph.D., 
M.Se. (Eng.), B.Se., A.M.I.Mech.E. 


Beams for vibrating concrete slabs have been largely developed empirically. Particulars 
are here given of a machine designed by the Road Research Laboratory to study the 
effects of the variables involved. The results of tests with this machine upon the 
effects of amplitude of vibration, number of vibrations in a given length, and 
acceleration of the beam, and of the work done by the compacting machine are detailed. 
Conclusions are listed and practical implications discussed. 


ODERN concrete road or runway slabs 

are usually compacted by vibrating the 
concrete from the upper surface with the 
beam of a power-propelled machine travel- 
ling on the steel forms. In this way very 
dry concrete may be fully compacted 
throughout its depth, so that leaner and 
more economical mixes may be used without 
sacrificing strength. 

Vibrating beams have been largely devel- 
oped empirically and little information is 
available on the relative importance of the 
characteristics of the vibrator and the con- 
erete : these include :— 

(a) The frequency of vibration of the 
beam. 

(6) The acceleration of the beam. 

(c) The amplitude of the beam. - 

(d) The speed of forward movement of 
the compacting machine. 

(e) The number of vibrations imparted to 
the concrete in a given length. 

(f) The direction and waveform of the 
vibration. 

(g) The weight of the beam and its method 
of support. 

(h) The shape of the shoe fitted to the 
underside of the beam. 

(«) The mix proportions and workability 
of the concrete. 

(j) The thickness of the concrete slab and 
the type of base on which it is placed. 

(k) The height of the initial surcharge of 
the concrete before compaction. 

Some of these variables are obviously not 
independent, the acceleration of the beam 
and the number of vibrations per foot run, 
for instance, both depend on the frequency of 
vibration. 

To study the effect of these variables a 


machine, shown in Fig. 1, has been designed 
and built by the Road Research Laboratory! 
consisting of a hollow screed, containing 
rotary mechanism for producing vibrations 
and hung by anti-vibration supports from a 
travelling overbridge. The beam is 4ft 
long by lft wide and weighs 710 Ib; it is 
supported so that its height above the for- 
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The mix proportions and workability of the 
concrete have been held constant and 
slab thickness was made 18in threughoyt 
these tests. 

Such a thick slab had a two-fold purpose: 
it substantially prevented the reflection of 
vibration from the base and it ensured 
that the concrete was never fully com. 
pacted through the whole depth, +0 that 
the depth of compaction achieved could 
then be taken as a criterion of performs:.ce, 

Full details of the experimental tech .iques 
and of the results are being published else. 
where’ ; the purpose of the present ar: icle jg 
briefly to outline the principal conclusions 
and to emphasise their practical implications, 


DETAILS OF THE TESTS 

Three series of tests were made to investi. 
gate the effect of varying :— 

(a) The amplitude (the number of vibra. 
tions per foot run and the acceleration of the 
beam being kept constant). 

(6) The number of vibrations applied per 


TABLE I.—Details of the Tests 








Frequency, Speed of Number of | Acceleration 
Test No. vibrations | travel, feet | Amplitude, | vibrations | (nominal) 

per minute | per minute inc per foot run g 
First Series: Constant number of vibrations 
and acceleration. Variation of amplitude : 

Pe A ee nei ethene «malted gee eee 6000 4 0-004 1500 4 

RE Ry eae Se ee ee 3000 2 0-016 1500 4 

eae Se Se NS a Ske 1500 1 0-064 1500 4 
Second Series: Constant acceleration and| 
amplitude. Variation of number of vibra- 

tions : 

eee SE 5200 1 0-016 5200 12 

5 Ey 5200 2 0-016 2600 12 

6 foie: peas bane! oes 5200 a 0-016 1300 12 

EE RO NES Ce Po EY 5200 8 0-016 650 12 
Third Series: Constant amplitude and num- 
ber of vibrations. Variation of acceleration: 

sips 58: allt aes 1500 1 0-016 1500 1 

Pe Cave eT Se eA 4 3000 2 0-016 1500 4 

9 interpolated from Series 2 5200 3-47 0-016 1500 12 




















mation is adjustable and is shod with a 
removable shoe, which can be of any desired 
form. 

The variables studied so far have been 
those considered most likely to have the 
greatest influence on the design of com- 
pacting machines, i.e., the acceleration and 
amplitude of the vibrating beam, together 
with the number of vibrations imparted per 
given length of slab. Vertical, sinusoidal 
vibration has been used with a rectangular 
shoe having a 2in radius at the front edge. 





FIG. 1-EXPERIMENTAL VIBRATING MACHINE 





unit length of the slab with constant ampli. 
tude and acceleration. 

(c) The acceleration of the vibrating beam 
with constant amplitude and number of 
vibrations per foot run. 

The details of the tests are given in Table I. 

Each test slab was 18ft long by 4ft wide 
by 18in deep, laid on a 6in base of com- 
pacted hoggin. The mix proportions of the 
concrete were 1:2}:5 by weight with 
a water/cement ratio of 0-6 by weight, 
using normal Portland cement, jin river 
sand and jin to jin river gravel. The 
concrete was mixed in fourteen batches in a 
12 eubic foot NT mixer and spread by a 
small hopper-type machine. The height of 
the hopper was adjustable and the placed 
concrete was struck off to the level of the 
initial surcharge by the bottom edge of the 
hopper. The workability of each batch of 
concrete was measured by compacting factor 
apparatus*® and one 4in test cube was made 
from each alternate batch. 

The beam of the vibrating machine rose 
on coming into contact with and starting to 
compact the concrete and small upward or 
downward movements occurred subsequently. 


. Arrangements ‘were made for recording the 


mean position of the beam and showed 
that it did not attain an approximately 
stable position until the machine had trav- 
elled ott t to 6ft along the slab. 

These records enabled the point at which 
measurements were to be made to be chosen 
and were used to determine the surcharge 
required for each test as described below. 

Six piezo-electric accelerometers were 
buried in the concrete to measure the vibra- 
tions produced by the beam. Because of the 
initial instability of the beam, together with 
the need to measure the vibrations while the 
beam travelled 4ft along the slab over the 
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s, the accelerometers were buried at 
various i on a transverse vertical plane 
sft from the start of the slab. The accelero- 
meters were equal in size and weight to the 
larger stones in the concrete (fin) and thus 
did not interfere with the vibration, They 
were set to record vertical vibrations, and 
photographic records of particle displacement 
were obtained by using electronic integrat- 
ing circuits and cathode-ray tubes associated 
with drum cameras. The electronic equip- 
ment employed has been described else- 
where? Records of acceleration were also 
obtained from accelerometers attached to 


Density of Concrete - gm/ce 
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Acceleration 4g, 1500 vibrations per foot run. 
——-—— Test 1-1 Amplitude of vibration 0-004in, 
Test 2:2 Amplitude of vibration 0-016in, 
——___——-{ Test 2-4 Amplitude of vibration 0-016in. 
Test 2-5 Amplitude of vibration 0-016in. 
—-——-—— Test 3-2 Amplitude of vibration 0-064in. 
Compacting factor of voncrete 0-80+ 0-005. 


FiG. 2—EFFECT OF AMPLITUDE OF VIBRATING 
BEAM ON COMPACTION 


the vibrating beam in order to measure its 
performance while compacting the concrete. 

After the tests were completed and before 
the concrete had set, the first 8ft length of 
slab was removed to recover the accelero- 
meters, leaving the remaining 10ft for den- 
sity measurements. Vertical holes 2in in 
diameter were drilled into the slab at lft 
intervals along the centre line and a small 
cylinder of radioactive cobalt was lowered 
into each hole in turn. Measurements were 
made by Geiger-Muller counters of the gamma 
radiation emerging from the side walls of 
the slabs at points horizontally in line with 
the cobalt, and the tests were made at ver- 
tical intervals of lin throughout the whole 
thickness of the slab. The density of the 
concrete at each depth was determined 
from the absorption of radiation, giving a 
detailed survey of the density gradients in 
the slab. For each slab the area between 
the average curve relating density with 
depth and the line representing the density 
of uncompacted concrete was divided by the 
difference between the densities of fully 
compacted and uncompacted concrete to 
give “the equivalent depth of full com- 
paction.” 

For concrete of given workability, the 
amount of compaction measured by the 
equivalent depth of full compaction must 
be related to the change of level of the 
surface of the concrete due to the passage of 
the vibrator. Too great a surcharge causes 
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the concrete to be pushed along in front of 
the beam, while too small a surcharge results 
in an open surface and incomplete compac- 
tion. The surcharge which just caused the 
vibrating beam to start to rise was deter- 
mined in a preliminary test before each 
experiment with the beam running at the 
amplitude, frequency and forward speed of 
travel to be used in the main test. The 
value obtained in this way proved to be a 
sufficiently accurate approximation for a 
sealed surface to be obtained in each test 
with little concrete being pushed along by 
the beam, small errors in the surcharge being 
corrected by variation of the rise of the 
vibrating beam. 

Although every precaution was taken to 
provide concrete of constant workability, 
small variations occurred in practice, and, 
although for all except two of the tests the 
compacting factor lay- between 0-79 and 
0-81, these variations had considerable 
effect on the equivalent depth of compaction. 
It is reasonable to expect that the depth of 
compaction would be related to the change 
of density of the concrete, which would be 
less for more workable mixes, but the effect 
was greater than expected. Further, the 
cube strengths for the slabs in which the 
compacting factor was outside the range 
0-80+0-005 were significantly different from 
those within that range, and, in comparing 
the effects of different types of vibration, 
therefore, only those tests were used in which 
the average compacting factor was 0-80 
+0:005. For these slabs, the average 
compressive strength given by 112 cubes 
was 4930 lb per square inch, with a standard 
deviation of 190 lb per square inch. 


E¥FFect oF AMPLITUDE OF VIBRATION 


Fig. 2 shows the effect on the density- 
depth relation in an 18in slab of varying 


Density of Concrete - gm/oc 





























12....79 i Same | a2. £8... 2¢ 
PAK 
2 i 4 
i ! 
s Test 6-1 i 
3 tH 
ae A H 
2 ‘TF mt 
2 | meres 
2° AT 
3 Test 7-1 ily 
3 10 i 
3 f 
< Test 4-1 
2) lal 
g 12 \ 4 





Test 4-3| 4 4; 
4 / 
Yy / AL—Test 5-1 


ai 
18 “2 


Second Series 

Acceleration 12g, Amplitude 0-016in. 
Test 4-1 5200 vibrations per foot run. 
Test 4-3 5200 vibrations per foot run, 
Test 5-1 2600 vibrations per foot run. 
——~"~ | Test 5-2 2600 vibrations per foot run. 

Test 6-1 1300 vibrations per foot run. 
' Test 7-1 650 vibrations per foot run, 
Compacting factor of concrete 0- 80+ 0-005. 


Fic. 3—EFFECT OF NUMBER OF VIBRATIONS 
IN A GIVEN LENGTH ON COMPACTION 
































the amplitude of the beam when the accelera- 
tion was maintained constant at 4g, and 
1500 vibrations were applied per foot of 
travel of the machine. The frequency of 
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vibration ranged from 1500 to 6000 vibrations 
per minute, the speed of forward travel 
ranged from lft to 4ft per minute, and the 
amplitude ranged from 0-064in to 0-004in 
respectively. A certain minimum amplitude 
was found necessary to compact the concrete 
even at the top of the slab, and above this 
minimum, increase of amplitude increased 
the depth of compaction. 


ErFrEect of THE NUMBER OF VIBRATIONS: IN 
A GIVEN LENGTH 


The acceleration of the vibrating beam was 
fixed at 12g, its amplitude was held constant 


Density of Concrete - gm/ce 
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Third series 
Amplitude 0-016in 1500 vibrations per foot run. 
Test 8-1 Acceleration of vibrating beam lg. 
Test 8-2 Acceleration of vibrating beam lg. 
Test 8-3 Acceleration of vibrating beam lg. 
Test 2-2 Acceleration of vibrating beam 4g. 
Test 2-4 Acceleration of vibrating beam 4g. 
Test 2-5 Acceleration of vibrating beam 4g. 
——— Test 9-1 Acceleration of vibrating beam 12g. 
Compacting factor of concrete 0-80-+0-005. 


Fic. 4—EFFECT OF ACCELERATION OF 
VIBRATING BEAM ON COMPACTION 


at 0-016in, and the frequency was fixed 
at 5200 vibrations per minute. The speed 
of forward travel of the machine varied from 
lft to 8ft per minute, giving from 5200 to 
650 vibrations per foot of travel. The results 
are shown in Fig. 3. There was a large 
difference in the depths of compaction given 
by fast and slow running, but the differences 
between the two slow speeds and also between 
the two high speeds were small. It is likely 
that the small differences between tests in 
this series have been masked to some extent 
by variations. in the spreading and work- 
ability of the concrete, and there is really 
a steady increase in the depth of compaction 
of 18in slabs with slower rates of travel. 


EFFECT OF THE ACCELERATION OF THE 
VIBRATING BEAM 


The variation of concrete density with 
depth for slabs compacted with the beam 
having accelerations of 1g, 4g and 12g is 
shown in Fig. 4. With the exception of 
test 8-3, the variation was similar for all 
the slabs, the concrete being compacted 
to about 97 per cent of the maximum 
theoretical density for a depth of from 4in 
to 6in. The depth of full compaction was 
similar for test 8-3, but the decrease in 
density below 6in was less than usual, and 
this may have been due to more precompac- 
tion than usual resulting from the spreading. 
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It is apparent, that in general, the accelera- 
tion of the vibrating beam has little effect 
on the compaction of the concrete. The 
frequency of vibration affected the surface 
finish, however, a high-frequency giving 4 
sandpaper finish, while a low frequency 
left some parts of the surface unsealed. 


VIBRATION WITHIN THE CONCRETE 


The measurements obtained from the 
accelerometers within the concrete were 
related to the densities attained at the 
corresponding depths. The frequency of 
vibration was found to have an effect when 
density was plotted against the peak values 
of particle acceleration and amplitude, 
but had no effect on the relation between 
density and peak value of particle velocity. 
Analysis showed that for fifty-eight points, a 
correlation coefficient of 0-67 was obtained 


for density plotted against peak value of. 


particle velocity divided by the speed of 
travel of the vibrator, and 0-73 for density 
plotted against the total work done on a 
particle at the depth where the density was 
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FiG. 5—RELATION BETWEEN WORK DONE BY 
VIBRATION AND DENSITY AT SAME DEPTH 


determined, both relations being on a log.log. 
basis. These relationships are both 
statistically significant. Fig. 5 shows the 
density plotted against the total work done 
on a particle (for simplicity, the units of 
work are given as total work per pound of 
concrete). 

An attempt was made to determine the 
attenuation of the vibrations with depth in 
the concrete at the various frequencies 
employed, but it was found that, within the 
range employed (1500 to 5200 vibrations 
per minute), there was no significant change 
of the attenuation constants with frequency, 


Tue Work DonE BY THE MACHINE 


In attempting to combine the conclusions 
of the preceding sections, an estimate of the 
amount of work of which the machine was 
capable was obtained by multiplying the 
measured amplitude of the beam by the 
measured number of vibrations occurring 
during its passage over a given point (beam 
width=lft). Estimates made in this way 
are shown in Fig. 6 plotted against the 
equivalent depth of compaction. Some of 
the scatter may be due to the measurements 
of the vibration of the beam being made at 
the instant when it was directly above the 
accelerometers, whereas the density values 
were averages for the whole slab. 

The results show that the depth of com- 
paction in a thick slab can be increased by 
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increasing the amplitude of the beam or 
reducing the speed of travel of the machine. 
The improvement will, of course, depend on 
the ultimate depth of compaction which can 
be obtained, for, with the existing type of 
vibration, shape of shoe, and weight of beam 
it seems impossible to compact the type of 
concrete studied to a greater depth than 12in. 


CONCLUSIONS 


The conclusions listed below may be 
drawn from the experiments on concrete 
slabs 18in thick, made with a 1 : 2}:5/0-6 
mix of workability 0-80-+-0-005, using a 
rectangular shoe, frequencies of vibration 
between 1500 and 6000 vibrations per minute, 
accelerations between Ig and 12g, amplitudes 
between 0-004in and 0-064in, and forward 
speeds of travel between Ift and 8ft per 
minute :— 

(a) When the vibrator was operated at con- 
stant acceleration and constant number of 
vibrations per foot of travel, increase of the 
amplitude of the beam (which was, of course, 
accompanied by decrease of the frequency of 
vibration) increased the depth of compaction. 

(6) At constant acceleration and amplitude 
of the beam, slower speeds of travel (i.e., 
increase of number of vibrations per foot 
run) increased the depth of compaction. 

(c) When both the amplitude of the beam 
and the number of vibrations per foot run 
were fixed, the depth of compaction was not 
dependent on the acceleration of the vibrator 
beam. 

(d) The density attained at a given depth 
in the concrete was dependent on the peak 
value of the particle velocity attained at that 
depth and on the total work done on a particle 
at that depth. 

(e) For the concrete employed in these 
tests in slabs 18in thick, the depth of com- 
paction increased with the total movement 
which could be transmitted by the beam ; 
that is, with the amplitude of the beam 
multiplied by the number of vibrations per 
foot run. The depth of compaction attained 
@ limiting value at approximately 12in. 

(f) The best surface finish was obtained at 
high frequencies of vibration, the high 
frequencies tending to produce a “ sand- 
paper” finish, while low frequencies left 
some parts of the surface unsealed. 


PRacTICAL IMPLICATIONS OF THE RESULTS 


Reference to Fig. 6 shows that a depth of 
compaction of 8in in a thick slab is given by 
a total downward movement per foot run of 
22in. The range of total movement per foot 
run which can be transmitted by the beams 
of existing commercial machines is from 24in 
to 30in when they are run at 2ft per minute 
and from 16in to 20in when they are run at 
3ft per minute. A depth of compaction of 
8in in a thick slab would be achieved, there- 
fore, if such a machine travelled at between 
2ft and 3ft per minute. It is not suggested 
that this relatively low speed would be 
needed to obtain full compaction of a slab 
8in thick, for, in such a case, compaction 
would be assisted by the reflections of the 
vibrations from the bottom of the slab. It is 
possible that full compaction of an 8in slab 
would be achieved under the conditions of 
vibration which would give a depth of com- 
paction of, say, 6in in a very thick slab, 
which, from Fig. 6, would require a total 
movement of only 13in per foot of travel. 
This would correspond to a forward speed of 
approximately 4ft per minute. 

On many construction projects there is 
the temptation to increase the travelling 
speed of the vibrator in order to expedite the. 
work. Reference to Fig. 6 shows that this 
practice is likely to result in poorer com- 
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paction of the slabs. If, for example, the 
vibrator is travelling at 2ft per minute -ang 
is vibrating at an amplitude and frequeney 
to give a total movement of 30in per foot 
run, the depth of compaction in a very thick 
slab will be 9-2in. If the forward speed jg 
doubled, the total movement per foot run js 
reduced to 15in and the depth of compaction 
will then be only 6-4in, a decrease of depth 
of compaction of 30 per cent. 

If an attempt is made to keep the accelerg. 
tion of the beam constant and to increage 
the number of vibrations per foot run by 
raising the frequency of vibration, the depth 
of compaction will be reduced. This is best 
illustrated by an example. A typical machine 
has a frequency of vibration of 3000 vibra. 
tions per minute and an amplitude of 0 -(2in, 
giving an acceleration of 5-lg. The total 
movement the beam can transmit when 
the machine is operated at a speed of 2ft per 
minute is 0-02 1500 (amplitude x number 
of vibrations per foot run), which is 30in, and 
hence the equivalent depth of compaction 
will be 9-2in (see Fig. 6). If the acceleration 
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is kept constant at 5-lg and the frequency is 
raised to 4800 vibrations per minute, the 
corresponding amplitude will be 0-0078in. 
The total movement will then be 0-0078 
x 2400, i.e., 18-7in, and the equivalent depth 
of compaction will be reduced to 7-3in. 
Increase of frequency from 3000 to 4800 
vibrations per minute has therefore reduced 
the depth of compaction in a thick slab by 
21 per cent. Conversely, a reduction of 
frequency from 3000 to 1500 vibrations per 
minute, maintaining the acceleration con- 
stant at 5-lg, would increase the depth of 
compaction in a thick slab from 9-2in to 
11-2in (i.e., by 22 per cent). 

It must be emphasised that the informa- 
tion given in Fig. 6 applies to concrete of the 
type described, and it is possible that rather 
different curves would be obtained with 
other mixes. The vibration was produced 
by @ flat-bottomed beam vibrating sinu- 
soidally in a vertical direction ; again, change 
of shape of shoe might affect the results, 
while change of the direction of vibration 
would certainly influence the relation be- 
tween depth of compaction and total move- 
ment of the beam per foot run. 
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The Electrical Research Association 
in 1951 


HE thirty-first annual report of the Electri- 
cal Research Association (for the year ended 
tember 30, 1951) was published at the 
annual general meeting on Friday, February 
8th. Reference is made in the report to the 
appeal for funds (THe ENGINEER, February 8, 
1952, page 197), whereby the council of the 
E.R.A. proposes, first, to increase the annual 
subscription income by 20 per cent to £140,000, 
attracting a D.S.I.R. grant of £70,000 in 1951- 
§2, and, secondly, to receive from its members 
at least £200,000 towards the estimated cost 
of £400,000 of the projected Leatherhead 
laboratory. 
Abstracts from that part of the report that 
summarises the E.R.A. research activities are 
reproduced herewith. 





In research work on engineering materials 
the Mechanical ineering Research Organisa- 
tion is helping by providing creep testing faci- 
lities for the expanded E.R.A. programme on 
high temperature alloys, which is becoming 
urgent on account of the construction of tur- 
bines with higher operating temperatures. 


EXTENSION OF STEAM TABLES 


The equipment at Imperial College for 
extending the steam tables to higher tempera- 
tures and pressures is nearly ready. In the 
apparatus, as designed, water is purified by 
removal of solid impurities and by de-aeration, 
is checked by electrical conductivity, and 
pumped to the boiler. In the boiler, comprising 
100ft of high-pressure tubing of Nimonic 80 
(selected for its resistance at high tem- 
peratures), the water is boiled by passing current 
through the tubing. The saturated steam is 
then superheated in a 20ft length of Nimonic 
80, also heated electrically. The superheated 
steam is led to a pocket, where its temperature 
and pressure are measured, and is allowed to fall 
to atmospheric pressure through a_ small 
orifice into a condenser, where the steam is 


condensed by cold water. The temperature of 


the steam condensate is measured, as are the 
temperatures of the inlet and outlet cooling 
water. The flow of condensate and of cooling 
water are measured by weighing the amounts 
flowing in a given time and the heat content 
of the steam at the given temperature and 
pressure can then be calculated. The boiler 
and superheater electrical heating equipment, 
consisting of two transformers, 36kVA and 
24kVA, have been constructed and installed, 
together with the switchgear. The boiler feed 
pump, a single-stage reciprocating pump with 
variable by-pass, capable of delivering 60 Ib 
per hour of water up to 15,000 Ib per square 
inch, has been constructed, installed and tested. 
Work is now in progress to discover a method 
of producing high-purity water in the quan- 
tities required, and a method using mixed- 
bed ion-exchange resins seems promising. 
All other components are either on order or 
under construction, with the exception of the 
boiler and superheater, which depend on the 
supply of Nimonie 80 high-pressure tubing. 
Supplies, delayed by rearmament, are now 
coming tohand. During the past year a detailed 
study has been made of the operation of the 
free piston pressure balances used in conjunc- 
tion with the standard mercury column. In 
addition to estimating the error involved in 
their use, problems such as the optimum opera- 
ting conditions for maximum sensitivity, the 
rise in temperature of the balance during opera- 
tion and the stability of the weights have been 
investigated. These experiments have now 


been brought to a conclusion and the results 
are being applied to the design of the gauge 
to be used in the properties of steam apparatus. 

The supply of low-loss magnetic sheet steel 
remains a serious problem for the electrical 
industry and strong representations have been 
made on the need for increased production of 
existing varieties. Difficulties have been 
encountered in applying on a larger scale the 
vacuum annealing process discovered at Cam- 
bridge, but the National Physical Laboratory 
has pursued the production of a high purity 
iron with some success. However, the major 
development during the year was the conclusion 
of an agreement with the British Iron and 
Steel Research Association, which will put in 
hand a substantial programme of fundamental 
research and development jointly sponsored 
with the E.R.A. ; it is hoped to secure the full 
co-operation of relevant steelmaking interests. 


INSULATING MATERIALS ° 


With support from the Ministry of Supply, 
the Association has maintained its research 
effort on insulating materials. A production- 
scale trial has shown that methods of stabilisa- 
tion developed by the E.R.A. will increase the 
working life of insulation with chlorinated 
impregnants up to the standard achieved by 
jelly or other non-polar impregnants. Rather 
similar work is in hand on electrolytic capaci- 
tors. In a more general field the National 
Physical Laboratory has concentrated on 
silicones and some more recent plastics, 
measured at frequencies up to 24,000Mc/s. 

The study of the mechanical properties of 
dielectrics now extends over a time scale 
corresponding to frequencies from 10-’ to 
10° c/s. Among the specific materials studied 
with regard to standard specifications, methods 
of test and general properties are bonded 
paper for radio-frequency purposes, glass 
fabrics, hard synthetics, enamelled wire, mica 
with its alternatives and an extensive co- 
operative investigation of the testing, main- 
tenance and service life of insulating oils. 

Improved techniques, including image con- 
version, electro-optical shutters, various types 
of high-speed photography and _ high-speed 
oscillography have led to considerable progress 
in the fundamentals of the are discharge as 
exemplified in the switchgear arc, the welding 
arc, the more academic d.c. arc, the transient 
spark discharge, the ignition spark and the 
incendivity of sparks in explosive atmospheres. 

Fundamental work on arcing phenomena in 
circuit breakers has included measurement at 
a high-power proving station of currents near 
zero, the use of capacitors-in a form of syn- 
thetic testing and aerodynamic effects, in 
addition to the researches already mentioned. 
The new research on air-break a.c. circuit- 
breakers with arc chutes has already made 
significant, progress, together with older investi- 
gations on oil circuit-breakers such as on series 
breaks, carbonisation and decomposition of 
oil. The investigation on restriking voltage 
characteristics has now been applied to the 
British 132kV network. A similar problem 
with fuses is the effect of circuit constants on 
re-ignition voltage, studied in connection with 
filled cartridge fuses. The permanent contac- 
tor laboratory for three-phase testing up to 
600A at 440V is substantially complete. 


Wrinp PowER 


The survey of potential wind power, now 
extended to Northern and Southern Ireland, 
has shown that ample power is available at 


@ 
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appropriate sites, of which over fifty have 
been fully investigated. The main problem 
is therefore whether suitable generators can be 
brought to a low enough cost. The 100kW 
generatcr in Orkney will, it is hoped, be in 
permanent commission this winter and another 
of a different type will soon be installed by the 
British Electricity Authority in North Wales. 
In addition to the information from these, 
the support of the Ministry of Fuel and Power 
has enabled costing studies to be put in hand 
and studies on small experimental units are 
intended. 

The main investigations on cables continue 
to bear upon the possible improvement of the 
ratings of cables in ducts and on the short- 
circuit limitations of cables. In addition there 
are two new subjects, the discharge (ozone) 
resistance of rubber cables and cable ratings 
for frequencies above 50 ¢/s. 

Although important results have been 
obtained on the E.R.A. model d.c. transmission 
system, the most important event has been the 
planning of a full-scale trial scheme for h.v. 
transmission with direct current. This has 
been recommended by the relevant committee 
for the consideration of the Council. 

Close co-operation with the B.E.A. Area 
Boards has been instituted on surge pheno- 
mena by the collection, analysis and discussion 
of lightning fault reports from them, by tests 
on h.v. equipment, by the study of a simpli- 
fied surge diverter and by help in increasing the 
number of voluntary observers of thunder- 
storms. The continuous surge recording equip - 
ment remains in successful use and an auto- 
matic camera for recording lightning, strokes 
to earth has been developed. A new approach 
to the general problem of surge-voltage dis- 
tribution in transformers is in hand, together 
with further studies of surge phenomena in 
underground cables. 

Anticipating the adequate provision of low- 
loss sheet steel for transformers already men- 
tioned, a study has been planned of noise 
problems which are likely to arise with new 
materials and a study is in hand on the nature 
and measurement of eddy-current losses. 
Apart from this, mechanical and thermal 
questions are in the forefront, together with 
new designs of current and voltage transfor- 
mers for the highest voltages envisaged. 

For detecting incipient breakdown due to 
moisture in insulation, a very simple device, 
based on an earlier portable a.c. bridge (multi- 
frequency), has been constructed requiring 
only a single observation. Important applica- 
tions for moisture detection in other, connec- 
tions are emerging. A very compact but highly 
sensitive a.c. discharge detector has’ also been 
developed. 

The Ministry of Agriculture and Fisheries, 
which supports E.R.A. researches on. rural 
electrification, has formed a joint advisory 
committee to ensure co-ordination between 
the work of the E.R.A. and of Government 
and other agencies. The major agricultural 
investigations are on the drying of agricultural 
materials, of which hay and grain drying are 
now complete. The first stage of the electric 
mains driven tractor. has been successful. 
Poultry work has made a good start. Prelimi- 
nary consideration has been given to the heat: 
pump for milk cooling and water heating and 
also electric drives for barn and field machinery. 
Two new glasshouses at Shinfield have per- 
mitted the demonstration of the advantages 
of mixed soil and space heating. Soil warming 
in the open ground as well as under cloches is 
promising and will be pursued and the electrode 
method of soil sterilisation is- now being 
developed on a commercial scale. A review 
of h.f. methods of pest control has been com- 
pleted. 

A compact heat pump has been designed 
and installed at Shinfield to give a precise 
comparison with conventional heating plant 
using two nearly identical buildings. 


———__¢————— 


Cast AtumINIuM ALLoys.—Alar, Ltd., of 3, 
Albemarle Street, London, W.1, has issued a 
revised date sheet, ‘Cast Aluminium Alloys— 
Related Specification and Trade Names,” which 
supersedes the data sheet first published in 1949: 
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Manchester-Sheffield-Wath Electrification 


DUNFORD BRIDGE TO WATH 
No. Il—(Continued from page 207, February 8th) 


Electrified working of freight trains between Dunford Bridge and Wath began com- 
mercially on Monday, February 4th, marking the first stage in the Manchester- 
Sheffield- Wath electrification. The complete scheme, which envisages a considerable 
increase in the capacity of the line by hauling all classes of traffic electrically, was 
begun by the former L.N.E.R. in 1936. Because of the war construction was held up 
between 1939 and 1947. A general description of the scheme was given last 
week, and the main civil engineering works are described hereunder. 


HE civil engineering works on the first stage 

of the Manchester-Sheffield-Wath electrifi- 
cation have veen limited, principally, to the 
reconstruction of bridges where clearances were 
not available for electrification and to the 
provision of exchange sidings and a locomo- 
tive shed to deal with the change over between 
steam and electric working at Wath-on-Dearne, 
the starting point of the scheme. Formerly, 
the Eastern Region .of British Railways was 
responsible for all work between Manchester 
and Sheffield and Wath, but following the 
revision of boundaries, the Region is now only 
responsible for that portion from Wath-on- 
Dearne to Thurlestone and from Barnsley 
Junction to Sheffield, which includes, however, 
the first stage of the scheme. 

Some notes on the reconstruction of the 
various bridges were given in our previous 
article. The existing structures were largely 
stone arches which gave insufficient clear- 
ance. No great problems were faced in 
replacing them, except perhaps that some of 
the bridges from a point east of Oxspring were 
subject to earth subsidence due to mining. 
It was considered that owing to the possibility 
of further subsidence, which would necessitate 
lifting the bridge superstructure to maintain 
clearances, the opportunity should be taken.to 
provide for jacking the bridge superstructure. 

Precast prestressed concrete beams were 
selected for the bridge superstructures, the 
beams being placed in position and then an 
in situ concrete topping added. When the old 
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arches were removed the bridge superstructures 
were built to the required niinimum clearance 
of 14ft 6in. Jacking beams were placed on 
top of the abutments.with jacking pockets let 
in the face, so that if necessary the decks could 
be easily raised in the event of further sinking. 
The first bridge so constructed was Gilroyd 
Lane, on the Worsborough Branch. Sealithor 
cement was used instead of Portland as it was 
found that the former would resist acid and 
thus permit smoke plates to be dispensed with. 
No: great difficulty was experienced in the 
reconstruction of the bridges. In fact, it was 
found that the deck beams could be placed in 


two or three hours from the commencement 
of the possession or, in fact, between trains by 
@ crane upon the roadway. Some bridges were 
constructed whilst maintaining the traffic over 
the existing abutment on a temporary structure, 
but where traffic was heavier it was necessary 
to build a temporary bridge of timber alongside 
the existing bridge. 

A point of particular interest about the 
bridges is that they are believed to be the first 
examples of partially prestressed construction. 
As well as the stressed high-tensile wires which 
are normally cast into a pretensioned member, 
pairs of twisted untensioned wires were also 
included. The merits of this method of con- 
struction have been the subject of considerable 
controversy amongst the’ various exponents of 
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prestressed concrete is more expensive. I is 
the particular feature of partial Prestressing 
that the cross section can be decreased and 
the part of the precast component is reduced 
This feature applies also to NON -composit, 
prestressed members. When partial 
stressing is applied to post-tensioning, not only 
is the cross section reduced, but also the unit 
price per cubic foot of concrete will be decr 
since the costs of anchorages and tensionj 
are correspondingly less when some of tho wires 
are placed untensioned in the concrete.” 

In another part of his paper, Dr. Abe?os lists 
the points in favour of partial prestressing gs 
follows :—Improvement in economy ; ‘urther 
reduction of construction depth; permanent 
freedom from cracks under working load, jn 
spite of concrete tensile stresses, which, for g 
modulus of rupture of 1000 Ib per square ing) 
are (a) up to 600lb per square inch where 
repeated loading occurs, (b) up to 750 lb per 
square inch for sustained loading, (c) up to 
950 lb per square inch for rare loading ; cracks 
temporarily visible under load close and 
become invisible on reduction of the load, even 
if the maximum load occurs with many repeti- 
tions; very high resistance to failure even 
after fatigue with constant opening and closing 
of cracks. 


, 


Locomotive Drpor 
The engineering works of the first stage of 
the scheme also included the construction of 
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prestressed concrete, so that we have included 
in the next two paragraphs] an abstract from a 
recent paper presented at the Institution of 
Structural Engineers* by the designer of these 
bridges, which states the case for the method. 

“The cost of precast prestressed concrete 
placed in position is rather high, depending 
mainly on the depreciation of the moulds. 
If larger numbers of units are required, the 
costs are obviously reduced. Precast units of 
the kind described in this paper, which were 
easily transported and placed in position, cost 
approximately 30s. per cubic foot, including 
the cost of high-strength wire. Ordinary 
concrete, placed in position, costs about 3s. 
to 4s. per cubic foot. Thus a composite slab 
consisting of one-quarter precast and three- 
quarters in situ concrete may total approxi- 
mately lls. to 12s. per cubic foot. There is 
no need for special shuttering or propping since 
the precast part forms the shuttering and is 
capable of supporting the in situ concrete. 
The cost of the mesh placed in the in situ 
concrete is of little influence. 

“From the above data it is seen that the 
economic superiority of such a compound slab 
depends mainly on the reduction in volume of 
the precast concrete component. Obviously, 
any construction made entirely in precast 





*“ Some New Developments in Prestressed Con- 
crete,” by P. W. Abeles, The Structural Engineer, 
October, 1951; see also “ Prestressed Concrete Applied 
to the Construction of Railway Bri and Other 
Works,” by A. Dean, Railway Paper No. 44, I.C.E., 
May 8, 1951. 


exchange sidings and an electric locomotive 
depot at Wath-on-Dearne. Unfortunately, 
the site of the depot is in a particularly bad 
area of mining subsidence, and immediately 
prior to work being started it was learnt 
that a sinking of 5ft was anticipated over the 
area of the work. 

In view of this condition it was decided to 
construct the locomotive shed with independent 
engine pits, hinged in short lengths throughout. 
It was also decided to design the shed as a series 
of braced portal frames, with two anchor 
frames at each end of the shed. The inter- 
mediate frames are in pairs double hinged at 
each foot, as shown in the accompanying 
illustration and connected to the next pair 
with side rails in which slotted joints are pro- 
vided, to allow for movement and to enable 
the shed to settle without distortion. ; 

At the time the foundations were completed 
the draw from mining subsidence was beginning 
to take place, and about January, 1950, the 
effect of draw was noticed on and water 
pipes which had been laid, but not finally 
connected to the main services. The draw 
was also noticed on the tracks, the coach screws 
being pulled out of the chairs and some chairs 
broken. The draw within one month registered 
a sinking of over 12in between Moor Road 
Bridge and the shed, a distance of 400ft. The 
sinking over the next seven months reached 
3ft 9in. The draw and subsidence passed west- 
wards along the building and the subsidence 
reached a depth of approximately 3ft at the 
east end and 2ft 9in at the west end of the 
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shed, when it was noticed that the levels had 
more or less constant, suggesting that 
the subsidence had ceased. 

Apart from the movement reflected in the 
slotted holes in the side~rails there was little 
other evidence that sinking had. taken place as 
no distortion of the structure showed except 
where portions of the slab floor had to be 
relaid. The interior of the shed is shown in 
the accompanying illustration, which gives a 
good idea of its construction. It is about 45ft 
wide by 215ft in length, there being thres pairs 
of intermediate portal frames and an anchor 
frame at each end, with about 40ft between 
the pairs of frames and 10ft between portals 
of the same pair. 

A turntable had to be provided at the depot, 
as well as the engine pits, for the exchange of 
steam locomotives. In view of the ground 
difficulties it was decided to construct its 
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Amongst them’were the alteration and slewing 
of a considerable number of lay-outs in yards, 
to obtain statutory clearance for stock, arising, 
principally, from overhead line equipment at 
certain structures. In some cases improvement 
was effected by lowering tracks under bridges, 
but this method proved expensive and was 
avoided wherever possible. To obtain a clear 
route for cables it was found necessary to 
cross the line from time to time, in order to 
avoid the obstruction on either side of the line. 
Where this was necessary cables crossed under 
the track through banks of asbestos cement 
ducts in a mass of concrete at a depth of 3ft 6in 
below sleeper level. These crossings were 
numerous, and involved the possession of the 
track while the work was carried out and the 
placing of way beams during excavation. 

The overhead fixtures in Silkstone and 
Oxspring tunnels were provided by the use of 
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SECTION AT LEVEL ‘A’ 


SUBSTRUCTURE OF LOCOMOTIVE 


foundation in prestressed concrete with post- 
tensioned cables to a cartwheel design. This 
novel construction is shown in the accompany- 
ing illustration, from which the main dimensions 
and constructional details may be observed. 
The rim. and spokes of the turntable were 
designed to act as cantilevers or beams, which 
could carry a locomotive if a minor local settle- 
ment occurred. With no load on the turntable, it 
can be jacked and packed as necessary to restore 
it to level. It was built in situ, using Magnel- 
Blaton anchorages, and contains some 110 cubic 
yards of conerete, for which Sealithor cement 
was also employed. 

The whole formation of the site of the depot 
from the exchange sidings to shed and turn- 
table was made up by taking inert spoil from 
the adjacent tip of the Wath Main Colliery. This 
spoil was a useful material and it consolidated 
in a short time. The weather was fortunately 
dry, and when the rain came consolidation was 
rapid and the spoil provided a good foundation 
for tracks and other works, being free from 
mud. 

In addition to the foregoing works, many 
other iterhs had to be undertaken concurrently 
with the other operations of the scheme. 
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TURNTABLE 


old rails, bent to conform with the outline of 
the tunnel roof and set in the tunnel walls. 
The ribs were constructed of two rails welded 
together, with distance pieces to provide space 
for hangers for the overhead catenary to be 
suspended from them. 

A number of level crossings were closed, but 
at those remaining open it was necessary to 
provide some form of overhead load gauge to 
give warning to road vehicle drivers where the 


‘load exceeded the height of the contact catenary. 


In addition, many footbridges had to be raised 
to a height of 20ft. At footbridges where 
parapets were of open lattice construction 
special precautions had to be provided, where 
the overhead line passed underneath the bridge, 
to give protection to children and others. In 
cases where the parapet could be raised, without 
affecting the structure, this was done to a 
height of 6ft. The parapets on all reconstructed 
bridges over electrified lines were raised to 6ft. 
Apart from the works referred to above and 
a few relay rooms, substations, track sectioning 
cabins, &c., the electrification made very little 
physical change to the existing aspect of the 
line under steam operation. 
(Lo be continued) 
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Fuelling at Sea 


On January llth, Mr. I. McD. Black read 
a paper entitled ‘‘ Fuelling at Sea,’’ before the 
North-East Coast Institution of Engineers and 
Shipbuilders, which is summarised below. 
Fuelling at sea is practised mainly by warships 
which, in the days of sail, had to keep at 
sea for long periods, This they could do 
because after providing space for ammunition, 
&c., the remainder was available for water and 
provisions. With the introduction of mecha- 
nical propulsion the period spent at sea became 
a function of the amount of fuel carried, so 
that, during the coal era, naval strategy 
depended upon the distribution of coal stocks. 
The adoption of oil fuel opened up other 
possibilities and oiling-at-sea experiments were 
carried out in 1906. : 

A section of the paper discusses transfer 
methods such as the Stirrup method, which 
started with ships about 800ft apart and a 
transfer rate of between 37 and 57 tons per 
hour, and later operated at 140 tons per hour 
with the distance apart reduced to 600ft. 
In the hose hawser method the towing hawser 
passed through the fuelling hose and this 
resulted in a straighter line and the pressure 
was reduced from 200lb per square inch to 
between 100lb and 150lb. The modified 
stirrup method followed and took its final form 
in 1937, when the ship to be fuelled took station 
200ft astern of the tanker. At the same time, 
the trough method was being perfected; in 
it the ships steamed abreast so that the 
effects of water interaction became of import- 
ance. During the war this method evolved 
into the main rig now in use. 

Post-war .trials of the buoyant-hose and 
trough methods have resulted in the standard- 
isation of the astern method and abeam methods 
respectively. The main points of the astern 
method are a hose strong enough to take towing 
strains, the deck equipment, the conical end 
cap, and the design of the picking up arrange- 
ments. For the abeam methods the main 
objective was to devise means for more latitude 
of ship motion than is possible with the large 
derrick rig, which allowed a maximum water 
gap of 165ft. Still to undergo trials is a self- 
sealing coupling developed to prevent a spill 
of oil should hoses need to be slipped before 
pumping can be stopped. A short description 
is given of the jackstay abeam rig, which is 
designed to allow greater latitude of station 
keeping in conditions of ocean swell. 

The question of fleet oil tankers is con- 
sidered and the advisability of building fully 
armed very fast vessels is put forward. A 
compromise freighting tanker for  fleet- 
attendant duties is broadly discussed, and the 
various items of such a design, namely, dead- 
weight, speed, steam capacity, subdivision, 
cargo arrangements and special Admiralty 
requirements are detailed. Existing naval 
tankers are noted and additional fuelling-at-sea 
considerations are discussed. It is stated that, 
provided the pumping capacity of the tanker is 
adequate, four ships can be served at one time. 
The problem of ship interaction is defined and 
the necessary ship-handling methods and rudder 
orders touched upon, while it is pointed out 
that experience with abeam fuelling had shown 
that interaction effects were within rudder 
control. In addition to fuelling from tankers, 
it is necessary that fuelling between warships 
be provided since .it is essential that small 
ships should be able to obtain fuel from the 
larger ships which they are escorting. 

——_—_—_4¢—— 


INSTITUTION OF SANITARY ENGINEERS.—A depu- 
tation from the Institution of Sanitary Engineers 
recently attended a conference with a committee 
of the Local Government Examinations Board, at 
which the entrance examination for the corporate 
grade of associate membership of the Institution 
was critically studied and discussed. Consequent 
upon that conference, the Institution has received 
from the Local Government Examinations Board a 
letter stating that the National Joint Council for 
Local Authorities’ Services has approved the recom- 
mendation of the examinations board that the 
examinations of the institution be included in the 
list of those recognised for promotion purposes, in 
the same way as other examinations which have been 
designated ‘“* technical.” 
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Infra-Red Plant for Drying 
Assembled Cars 


Four infra-red ovens, arranged as two pairs, 
have been made recently by the Metropolitan- 
Vickers Electrical Company, Ltd., and installed 
in the Luton factory of Vauxhall Motors, Ltd. 
They are used for drying moisture off the car 
after cleaning, and for drying any cellulose paint 
spotting or touching up necessary before the 
car leaves the factory. 

The completely assembled car is driven on 

“to a floor-level chain conveyor which draws 
the car through a washing booth where jets 
of water thoroughly test for screen and back- 
light leaks. After spraying it is leathered down 
by hand which leaves the car with a thin film 
of moisture to be dried off. 

This drying is done in the first oven, which 
is arranged as a tunnel through which the car 
passes in four minutes ; the infra-red radiation 
is controlled at a level which ensures that no 
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part of the car exceeds a temperature of 180 deg. 
Fah. during its passage through the oven. 
After emerging from this oven the car travels 
50ft, by which time it is completely dry, before 
entering the spray booth, where spotting and 
touching up are carried out, using cellulose 
paint. A further travel of 20ft gives a flash-off 
period of about five minutes, before the car 
enters and traverses the cellulose drying oven, 
as illustrated herewith ; three minutes twenty 
seconds later the car emerges ready to be finally 
polished and driven away. 

The first infra-red plant, comprising two 
ovens side by side, measures 17ft long, 24ft 
wide and 10ft high with a total electrical loading 
of 300kW. Each oven is generally similar to 
the spot drying oven shown in our illustration, 
and incorporates a total of fifty infra-red 
element projectors mounted in ten rows of five 
projectors per row. ‘The infra-red element 
consists of a spiral of high-grade heat-resisting 
wire tightly embedded by a special process in 
magnesium oxide, enclosed solidly in an-outer 
sheath of a non-sealing, non-corrodible alloy. 
It is backed by a trough reflector made of 
aluminium sheet anodised to give maximum 
heat reflection and protection from atmospheric 
corrosion. 

A separate air recirculating system, consisting 
of a centrifugal fan driven by a 2} h.p. motor 
displacing 4000 cubic feet per minute, drives 
air into each oven through ducts mounted 
at floor level in the sides. of the oven. 
Hot air is exhausted from the oven roof 
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through three hoods extending the full length 
of the oven and linked by ducts to the 
suetion side of the fan. The apertures in 
the lower ducts are louvred to direct the air 
stream on to the sides of the car, and to reduce 
the picking up of floor dust. Dampers in each 
main duct enable a correct balance to be 
obtained between the recirculated and the 
fresh air. The fans are mounted in separate 
structures housed in the central compartment 
between the ovens. Complete safety is ensured 
by electrical interlocking of conveyor motors 
and fans with the projectors ; in addition, air- 
flow switches, similarly interlocked with the 
projectors, ensure that the air velocity he: 
reached a safe minimum value before the 
infra-red projectors can be switched on. 

Heat losses from the ovens are reduced by 
the-use of heat insulating panels of mild steel 
lagged with glass wool and finished on the 
inside with asbestos hardboard. The panels 
are easily removed to give access to the infra-red 
projectors and wiring. Access to the central 
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compartment is by means of a hinged door 
fitted with tumbler lock to prevent unauthorised 
entry. The heat output of the oven is con- 
trolled by Sunvic energy regulators which 
operate on the well-known ‘“ Simmerstat” 
energy regulator principle as used on electric 
cookers for control of the boiling plates. Each 
regulator is, in effect, an electric tap which has 
the additional advantage of providing auto- 
matic compensation for voltage fluctuations 
up to 15 per cent. 

The second plant is generally similar to 
the first one except that it is 3ft shorter 
and has a total electrical loading of 240kW 
provided by forty infra-red projectors in each 
oven mounted in ten rows of four projectors 
per row. 





The South Bank Exhibition 
Area 


At its meeting last week, the London County 
Council received from its general purposes 
committee a special report dealing with the 
interim development of the South Bank Exhibi- 
tion area. The items of principal interest in 
the report are those concerning the future of 
the Dome of Discovery and the Skylon. 

The report says that eareful consideration 
has been given to the possibility that the 
Dome of Discovery, as the most striking 
structure forming part of the Exhibition and 
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as one offering possibilities of use elsewhere, 
might be acquired by the Council and yp, 
erected on a@ suitable site. That possibility, jp 
the committee’s opinion, justifies more detailed 
technical investigation than has been possibj. 
by the date stipylated by the Minister of 
Works for a final decision, namely, Feb: 
6th. Moreover, even if such further technica] 
investigation should lead to a favourable 
decision on acquisition and re-erection, jt 
would be contrary to public policy, the com. 
mittee feels, that the Council should seek— 
even if the Government was prepared to 
grant—licences to divert to a building intended 
for entertainment the labour and materials 
represented by the very substantial sum needed 
to transfer and re-equip the Dome. Repre. 
sentatives of the L.0.C. general purposes 
committee have urged that point of view 
upon the Minister of Works, who, however, 
expressed the opinion that the right course 
was to demolish the Dome forthwith and that 
he was unwilling either to allow further time 
for a decision as to removal, or to allow the 
dome to remain on its present site—which ig 
the area the L.C.C. has agreed to lease to the 
Ministry—until the cost of removing it could 
be reconciled with the public interest. The 
Minister added that advice from his technical 
officers had left him more than doubtful 
whether the cost of maintaining the Dome, 
and its likely life, would justify anyone in 
planning to retain or re-erect it. If, however, 
the L.C.C. decided to pursue its request, he 
would submit it to the Cabinet on the basis 
that the L.C.C, should become responsible 
forthwith for the cost of maintaining the Dome. 
But the Minister said that his recommendation 
would be that the request should be rejected. 
In its report, the general purposes committee 
states that, without committing the Council 
to any final view, it proposes to ask the Minister 
to reconsider his decision forthwith to demolish 
the Dome for scrap, so that the longer-term 
considerations can be more fully explored. 
If the Minister would allow more time, the 
committee would like also to consider the 
possibility of associating the Skylon with 
the Dome of Discovery on a new site; if not, 
however, the committee would not wish to 
consider the Skylon apart from the Dome, 
the suggestion being that “ it’s chief value is 
as an architectural foil to the latter.” 

Other matters mentioned in the report are 
the river piers, the downstream site, bridges, 
roadworks and electricity supply. In connec- 
tion with the downstream site the report says 
that the main fabric of the shot tower, which 
is the London County Council’s property, will 
be retained until its removal is necessitated 
by permanent redevelopment of the site. The 
whole of the shot tower area is to be adapted 
for use as an extension of the riverside open 
space. About road works the report points 
out that Sutton Walk, part of which crosses 
the Ministry of Works site, is no longer a public 
highway. As, however, it may be expected 
to provide one of the main approaches to the 
Royal Festival Hall for some years to come, 
the various obstructions on the footway which 
were provided for the purposes of the Festival 
of Britain will be removed. The committee 
has agreed that in present circumstances it 
would be inexpedient to undertake the pro- 
posed realignment of Belvedere Road, which will 
therefore be reinstated on its old site and 
handed back.to the Lambeth Borough Council. 
On bridges, the report says that the War. Office 
is not in a position to reledse military labour 
to dismantle the superstructure of the Bailey 
bridge across the Thames and the L.C.C. has 
been asked to undertake the removal of the 
whole structure. The work will be begun 
shortly and will involve some temporary 
interference with the free use of the riverside 
promenade. The cost is to be borne by the 
Ministry of Transport, The York Road foot- 
bridge is built of material held in stock by 
the Ministry of Transport for dealing, in emer- 
gency, with the breakdown of bridges. As 
the Ministry is unable to spare this bridging 
material for longer loan, and the Railway 
Executive does not think the need great enough 
to justify replacement of the bridge, the com- 
mittee has decided to offer no objection to its 
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98-INCH GUILLOTINE 


removal at the cost of the Ministry of Trans- 
port. 

The report states that the high voltage 
electricity supply network and transformer 
substations extending over the Festival site 
were installed by the London Electricity Board 
at the cost of the Festival of Britain authorities, 
in whom ownership is now vested. It is 
pointed out that the Council’s requirements 
will be very much less than those of the Festival, 
and that several of the transformer sub- 
stations occupy sites that will have to be 
cleared. It has therefore been decided not to 
retain any part of the existing system, which 
will be removed at the cost of tha Festival 
office. The L.C.C.’s electrical requirements 
will be met from the permanent sub-station 
in the Royal Festival Hall. Concerning the 
heat pump, it has been agreed that, subject 
to the payment of an appropriate rental for 
the continued use of the arch under Charing 
Cross railway viaduct after its surrender by 
the Festival office, the experimental installa- 
tion shall be retained, on terms agreed with the 
Ministry of Fuel and Power, until experience 
has been gained of its heating powers. 





A Diesel Generating Set 


A compact, self-contained diesel-engine- 
driven generating set is now being made by 
Dale Electric (Yorkshire), Ltd., of Filey, for 
supplying the power and lighting requirements 
of small works or to serve as a standby power 
unit. This 18kKVA unit, which is of 400/230V, 





SELF - CONTAINED GENERATING 


three-phase, four-wire, 50 cycles, is shown in 
the illustration above. Its output voltage is 
controlled within 2} per cent of the stated 
output without the use of any external auto- 
inatic voltage regulating unit. 

The unit is mounted on a rigid, fabricated 
channel steel base and the alternator is driven 
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by a David Brown S8.D.4 industrial diesel 
engine, which develops 26-5 b.h.p. at 1500 
r.p.m., one-hour rating, or 19-5 b.h.p. at 1200 
r.p.m., twelve-hour rating. The alternator 
is of Macfarlane design and is fitted with a 
““Magnicon” exciter, manufactured under 
licence by Crompton Parkinson, Ltd., particu- 
lars of the design of which were given in our 
issue of November 24, 1950. This exciter is 
driven by vee belts from an extension shaft on 
the alternator. 

A switchboard cubicle mounted between the 
engine and the alternator has a panel on which 
are fitted the outgoing switch and fuse; a 
voltmeter and voltmeter selector switch; an 
ammeter in each outgoing phase; instrument 
fuses; hand field regulator; an ammeter in the 
engine starter-battery charging circuit; a push 
button for starting; and the fuel cut-off lever. 
A wall-mounting fuel tank of 15 gallons capa- 
city is also provided with a length of flexible 


fuel pipe. 





Sheet Metal Guillotines 


WE have received from the Rockwell Machine 
Tool Company, Ltd., of Welsh Harp, Edgware 
Road, London, N.W.2, particulars of the 
guillotines made by Fr. Drabert Séhne, of 
Minden, Germany, for which it is now acting as 
selling agent in this country. These guillotines 
are made in two models, one a machine of 
9/,,in by 78in capacity and the other of jin by 
98in capacity. 

The machines are of all-steel construction 
built up of fabricated 
units on a rigid body. 
The drive is built into 
the hollow crown of the 
machine, and the de- 
sign gives unrestricted 
clearance between the 
columns which have 
deep throats to permit 


the handling of 
sheets of unlimited 
width. 


Both the top slide 
and table are amply 
dimensioned, and _ to 
give accurate bottom 
to top blade adjust- 
ment to cut and trim 
sheets without throw- 
ing up an appreciable 
burr, an easily access- 
ible fine adjustment 
is provided for the 
table. 

On the _— smaller 
machine workpieces are 
mechanically clamped, whilst on the large 
models clamping is effected by hydraulically 
actuated pads. The hydraulic clamps consist 
of a number of pads which clamp firmly holding 
the whole length of the sheet, even when the 
material is uneven. Clamping pressure is 
adjustable and the pressure is shown on a gauge. 


Ser 


By removing the front cover plate of the 
machine the drive is fully exposed, as can be 
seen in one of the illustrations we reproduce. 
Drive is taken from an electric motor through 
vee belts, a jockey pulley, and precision gearing 
to a centrally mounted crank, which is actuated 
by a lever mechanism on each side of the ram. 
The ram moves in double guides at each end 
and has two bearings near the middle of the 
machine. It is. counterbalanced by two 
powerful tension springs. 

The machine is started and stopped by 
a multi-plate clutch and brake system, 
actuated either by the foot pedal or hand lever. 
Machines can be set for continuous operation 
or, alternatively, single stroking, and the gear 
and brake mechanism allows instantaneous 
stopping, even on the cutting stroke, whilst a 
safety device guards against unintentional 
starting or stopping when in continuous opera- 
tion. The shear blades of high-grade steel have 
two cutting edges, and to facilitate regrinding 
they are made up of several sections. 

The shear angle adjustment method per- 
mits selection of the optimum angle for any 
thickness of plate, and the required angles are 
set by a handwheel. A pointer and scale fitted 
on the machines show the required shear angle 
for a given thickness of sheet. Should the 
wrong shear angle be set, the machine is pro- 
tected against damage by the safety device. 
Parallel angular adjustment stops and table 
extensions are fitted front and back of the 
machine. 

—_——__e——————_ 


Untrep Kinepom Arr TrarFFic, 1951.—United 
Kingdom airports handled more than 2,500,000 
passengers in 1951, and for the first time 
London Airport handled more passengers than 
Northolt, 796,000, compared with the latter’s 
750,000. Passenger traffic at London Airport in 
the last two years has more than doubled. It rose 
from 395,000 in 1949 to 523,000 in 1950, an increase 
of 33 per cent, and then by a further 250,000 
or 52 per cent, in 1951. Passenger traffic, 
at Northolt was only slightly higher than in 1950 
owing to the transfer of many of the busiest services 
to London Airport. Outside the London area 
Glasgow (Renfrew) handled the most passengers— 
140,000. This figure was slightly higher than in 
1950. Belfast (134,000 passengers), Prestwick 
(128,000), Manchester (115,000), Liverpool (84,000) 
Southampton-Eastleigh (50,000) and Birmingham 
(39,000) also showed higher traffic. Ronaldsway, 
in the Isle of Man, was used by 102,000 passengers, 
rather fewer than in 1950, and traffic at Edinburgh, 
16,000 passengers, was 37 per cent lower. Alto- 
gether, the provincial ae’ mes handled over a 
million ngers. In the Channel Islands, Jersey 
Airport handled 197,000 passengers, a figure 
exceeded only by London Airport and Northolt.» 
Freight traffic was 41 per cent higher than in 
1950. Altogether, the United Kingdom aerodromes 
handled 48,000 short tons. London Airport handled 
14,000 tons and the London area as a whole 26,000 
tons. Next in importance came Lympne, with 
13,000 tons, mainly vehicles carried to and from the 
Continent. Though there were these substantial 
increases in passengers and goods moving through 
the aerodromes, the actual number of aircraft 
movements ca commercial transport operations 
dropped from 195,000 in 1950 to 187,000 in 1951. 
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A SECOND ELIZABETHAN AGE 


THE English, though not the Scots (for 
Elizabeth I was never Queen of Scotland), 
look back to the first Elizabethan age as one 
of the greater periods in their history. As 
a second Elizabeth mounts the throne they 
cannot but feel a lifting of the heart, a surge 
of expectation that history, in some sort, 
may be about to repeat itself. The implicit 
wish is, of course, irrational. Because we 
* have now entered a new Elizabethan age, 
there is no certainty that it will turn out to 
be similar to that other age long since past. 
For the situation of Britain to-day is vastly 
different from that of the sixteenth century. 
Then, Britain was a small island off the 
north-west coast of Europe, far removed 
from the main routes of international trade 
and populated by a rude and turbulent 
people. Now it is the centre of a great world- 
wide Commonwealth and industrially and 
commercially one of the greater nations of 
the world. The contrast is extreme. 

Yet, though there is no reason why there 
should be any parallel discernible between 
our new Elizabethan age and that other one 
400 years ago, it is an astonishing coincidence 
that in fact parallels can be found! The 
first Elizabethan age was one of exploration 
and development rather than of fundamental 
discovery. At that time Europe had been 
excited for over a century by the rediscovery 
of the achievements and the learning of 
Greece and Rome. Upon that rediscovery 
the Renaissance was founded. Men’s 
thoughts were set free to criticise, not only the 
beliefs and dogmas of religion, but the very 
organisation of society itself; and the new 
intellectual freedom permitted the founda- 
tion of truly scientific studies. Nor was that 
all. Men were encouraged to a new boldness 
2 action as well as in thought. The Portu- 
* guese sailed round the Cape of Good Hope to 
India and Cathay, and Columbus, venturing 
boldly westwards into an uncharted ocean, 
discovered America. When Elizabeth I 


came to the throne of England, men already 
knew that the earth was spherical. The 
greater geographical discoveries had already 


been made. Drake’s ‘‘ Golden Hind” was 
not the first, but the second, ship to circum- 
navigate the world. But though the extent 
of Africa had been delineated, though the 
existence of great new continents to the 
westward, both north and south of the 
equator, had been proved, the exploration 
and development of those continents had 
scarcely been begun. Therein lies the 
parallel with our own day. It is true that 
there now remain no great geographical dis- 
coveries to be made, at least on earth (who 
knows, however, how soon men may set 
foot on the Moon, Mars and Venus ?). Save 
in some areas of the frozen wastes of 
Antarctica, the physical geography of the 
world is wholly determined. But just as in 
the fifteenth century the rediscovery of 
classic thought excited mankind to intel- 
lectual as well as physical activity, so during 
the nineteenth century the development of 
scientific knowledge encouraged men to 
challenge beliefs and dogmas that restrained 
their thought and imagination. Moreover, 
during the same century engineers developed 
in coal fuel and the steam engine a source of 
power hitherto undreamt of ; and towards the 
end of that century and into our own, dis- 
coveries came thick and fast. Man learned to 
fly ; on the road, motor vehicles came to sup- 
plement steam-operated railways ; electricity 
did what steam alone could not do by bringing 
power, in packets large or small, into the 
homes of everyone; electromagnetism 
made it possible, amongst other things, for 
monarchs, statesmen, scientists, churchmen, 
and many others to speak and appeal to 
whole nations; and in the development of 
radar it produced a means whereby man 
could “see” where his eyes failed him. 
Lastly, study of the atom led to the dis- 
covery of nuclear power, power that may be 
drawn in the future, inexhaustibly, from the 
building up of helium from hydrogen, rather 
than from the breaking down of uranium 
and plutonium. It now seems possible, 
though, perhaps, improbable, that all 
the greater fundamental discoveries have 
been made. But just as in the days of 
Elizabeth I the exploration and development 
of new continents remained to be under- 
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taken, so, to-day, we have yet to explore 
fully how best to apply these new scientific 
discoveries for the benefit of mankind. The 
sociological consequences of the Renaissance 
eventually proved to be immense. Equally 
immense are likely to be the eventual <ocia] 
consequences of the application by engineers 
of the discoveries of science ! 

Elizabeth’s seamen were excited by the 
prospect of undreamed-of riches to be found 
in the New World Columbus had discovered. 
More soberly in this twentieth century engi. 
neers are aware of the great material benefits 
they can confer upon mankind as their pro. 
ductivity increases. Hundreds of millions of 
the earth’s inhabitants and very many of the 
new Queen’s subjects still live at standards 
of life, education and opportunity abysmally 
low relative to those of Europeans. Engineers 
have the knowledge to rescue them and to 
give them the improvements to which they 
already aspire. But though we thus live in 
an age whose prospects are as exciting to engi- 
neers as were those of the sixteenth century 
to seamen, there is unfortunately another 
and more sombre parallel that can be drawn 
between the eras of the two Elizabeths. In 
the sixteenth century the society of Europe 
was rent by a great religious schism, whose 
repercussions influenced __ international 
politics. To-day, the society of the world is 
similarly rent by the great schism between 
democracy and communism, and the peoples 
of the East, who were unaffected by Europe’s 
fifteenth,century Renaissance are now seeth- 
ing with new ideas, new aspirations and new 
dogmas. Elizabeth II becomes Queen at the 
same age as her predecessor. But though we 
hope she will reign for at least as long as her 
great namesake, and that under her sway 
the prestige, influence and prosperity of 
Britain in the world will be raised to new 
heights, we hope, too, that no new war will 
break out in Europe or elsewhere, that there 
will be no new Armada to repel. We 
hope, too, that, as her reign progresses, 
engineers will be relieved of the need to 
devise and manufacture warlike goods and 
so be left free in peace to develop the dis- 
coveries of science and to explore how best 
they can be applied for the benefit of 
mankind. 


THE LUBRICATION OF HEAVY-OIL 
ENGINES 


THE vast extension, all over the world, 
of the use of heavy-oil engines has brought 
with it impressive developments in the realm 
of lubricating oil. It is thus appropriate 
that from time to time publication is made 
of the results obtained by the use of lubricants 
specially prepared for use in such engines. 
Indeed, a copious literature on the lubrication 
of heavy-oil engines is being built up and 
we do well to examine, periodically, 
the tendencies which such literature dis- 
closes. An authoritative symposium on 
lubrication and lubricants was that pre- 
sented during 1937 before the Institution of 
Mechanical Engineers. The various papers, 
with the discussions to which they gave rise, 
are available in two volumes containing as 
many as 1151 pages, and the contents of 
these volumes remain of great interest to 
all engine users. A more recent contribution 
to the literature on the subject is found 
in a paper read last month, before the 
Diesel Engine Users Association. In this 
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paper, Mr. L. J. Izard described some experi- 
ences in the lubrication of oil engines with 
a frankness which adds to the value of his 
work. He did not claim more than that the 
roblems were in the process of solution, 
and he concluded a lengthy factual presenta- 
tion by observing that “development and 
research in this field are therefore being 
directed not only towards the solution of 
current problems, but also towards a study 
of the problems likely to arise from future 
trends in design.” Mr. Izard’s paper 
emphasises, it seems to us, the need to con- 
sider oil engines in categories. We cannot 
suppose that the lubrication of a normal 
quick-revolution engine as used in an 
omnibus or a lorry can be regarded in the 
same way as the lubrication of a large marine 
oil engine. The requirements of lubrication 
are powerfully affected by the characteristics 
of design ; and what may be satisfactory in 
a lorry engine will be inapplicable in a slow- 
speed engine used for propulsion purposes. 

A faetor of much importance in the 
development of lubricants is the availability, 
to-day, of research facilities which enable 
short cuts to be taken. This does not affect 
the overruling significance of long-term 
experience in operation, but it does give 
direction in such matters as wear rates and 
throws light on requirements in respect of 
design and materials. We would say that 
the major objective of the lubrication tech- 
nician is the prolongation of the life of the 
engine, since engine life is but a reflection 
of engine wear. It is, of course, true that, as 
lubricating oil cost is a not inconsiderable 
factor in operating cost, consideration must 
be given to economy in use and to the effect 
of viscosity on such aspects as mechanical 
efficiency. Of all aspects, however, engine 
wear predominates, and this aspect of wear 
receives major attention in the paper to 
which we are referring. We cannot doubt 
that the tendency towards the use of what 
are called “boiler quality” fuels will 
intensify the need for special qualities not 
only in engine design and materials, but in 
engine lubrication, which we take to include 
all those accessories belonging properly to 
the lubrication system. We must suppose, 
for example, that with the need to burn 
boiler quality oil will come the need to 
separate, effectually, the combustion chamber 
from the crankcase, and where this is done 
the lubrication system for the cylinder and 
piston rings becomes really distinct from the 
lubrication system required for the motion 
work and crankshaft bearings. It is quite 
true that wear of an oil engine cylinder in 
the region of the upper piston ring will take 
place irrespective of the type of engine. 
This wear is due to corrosion and abrasion 
and depends on a number of conditions, 
including type of fuel and intensity of loading. 
But where the cylinder is effectually sealed 
off from the crankcase, the cylinder can be 
lubricated by the oil most suitable for use 
under the conditions of gas temperature to 
which the cylinder is subjected. These 
conditions differ very substantially from those 
affecting the crankcase lubrication, where 
in normal working the oil will not be heated 
beyond about 60 deg. Cent. It is this differ- 
ence in conditions which militates against 
the use of a single grade of oil for the lubrica- 
tion of cylinders and crankcase, and Ricardo 
has remarked that “The ideal lubricant 
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would have a viscosity independent of 
temperature. This condition is not 
approached even remotely by any known 
oil,” 

Mr. Izard has a good deal to say in regard 
to the use of detergent additives and 
“inhibitors” in lubricating oil, a subject 
on which much has been written and on 
which much still remains to be written. He 
wisely remarks that “ misleading conclusions 
can be drawn from the results of relatively 
uncontrolled short-term tests” and that 
“ investigations into the effect of detergent 
additive oils on wear indicate that the use 
of such lubricants gives some alleviation. 
Further studies are, however, required.” 
Misleading conclusions are certainly likely 
to be arrived at where deductions drawn from 
results obtained in one form of engine are 
assumed to be valid in the case of an entirely 
different form of engine. The case of the 
lorry engine is not to be compared with that 
of the large slow-speed engine working 
under conditions which preclude the fouling 
of the crankcase oil by combustion chamber 
products, whether due to the fuel or the 
lubricating oil. Moreover, it has been shown 
that cylinder bore wear is greatly influenced 
by the running period between starts, so 
that the large engine, normally operating 
for very long periods between starts, is in a 
very different position to the vehicle engine, 
where the running period between starts is 
usually short. All this goes to show 
how cautious we must be in accepting 
conclusions drawn from a single ° class. 
Further research and, in particular, that kind 
of research represented by long-term opera- 
tion of engines in commercial service, will 
extend our knowledge and every honest 
endeavour to arrive at definitive conclusions 
will play its part. The thing to remember is 
that lubrication cannot be judged without 
close definition of engine design, engine 
materials and conditions of working. Some- 
one has said: “There is nothing so mis- 
leading as sagacity on a false scent,” and we 
do well to pause at those points where such 
indications as we have lead off in different 
directions. It is one thing to discover that 
excessive wear is taking place, say, on a 
connecting-rod bottom end bearing. It is 
quite another thing to determine the cause 
or causes of this wear. It is here that we can 
recognise the vital importance of such step- 
by-step development as will result from the 
joint activity of the designer, researcher, 
engine user and lubricating oil technologist. 
That is the main inference to be drawn from 
Mr. . Izard’s paper, and it is surely 
urgent—particularly from the point of view 
of the oil engine industry—that every effort be 
made. to lessen lubrication problems even 
if it may not be possible to lessen lubricating 
oil cost. Let it not be forgotten that in the 
gas turbine the lubricating oil problem 
is altogether less complicated, and any 
lessening of this problem in the case of the 
piston engine will have the effect of lengthen- 
ing its life as a prime mover. 


—_——¢——_—_—— 


“ THE CoRROSION OF STEEL IN STEEL Houses.” — 
A aa with the above title has just been published 
(H.M.S8.0. price 1s. 9d.) for the Building Research 
Station covering a limited survey of steel-framed 
houses built between 1920 and 1927. The survey 
was undertaken to obtain information on the 
efficiency of the protective coatings applied to 
the houses when they were erected. 
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Literature 


Notes on the Prehistoric Metallurgy of 
Copper and Bronze in the Old World. By 
H. H. Cocuuan, Oxford: The Uni- 
versity Press. Price 15s. 

Tats is the fourth of the “ Occasional Papers 

on Technology” issued by the Pitt-Rivers 

Museum of the University of Oxford. It 

records, in general outline, the development 

of the metallurgy and mechanical working 
of copper and bronze from the primitive 

Stone Age technique to the more highly 

developed practices of later prehistoric 

times. The author js exceptionally well 
qualified to undertake this work as he is 
not only an archeologist, but also a mecha- 
nical engineer with experience in metallurgy. 

Numerous difficulties are encountered in 
trying to obtain archeological evidence by 
which to establish the sequence of metal- 
lurgical development. Emphasis is laid on 
the importance of obtaining a comprehensive 
series of analyses and metallographic reports 
of early copper objects from all important 
sites which are known to have been occupied 
by people bearing a primitive copper culture. 
The book is well illustrated by line drawings 
and photographs. There is a good index 
and an extensive bibliography, though the 
work of Sir Harold Carpenter and his 
collaborators (1929-1933) on the micro- 
structure of native copper, and of ancient 
Egyptian implements is not mentioned. 
This work was important as, on the one hand, 
it provided a background for the interpreta- 
tion of structures in objects made directly 
from native copper and, on the other hand, 
demonstrated that in copper the metastable 
cored structure of solid solutions and the 
distorted crystals produced by cold work 
remained unchanged for thousands of years. 
Thanks to the activities of the Mining and 
Metallurgy Committee of the Royal Anthro- 
pological Institute more data of this kind 
are becoming available, though much remains 
to be done. The chronology of such an 
important event as the “transition to 
bronze,” for example, has not been estab- 
lished for many important sites. 

The book describes the uses of native 
copper, the appearance of open-mould cast- 
ings made by melting native copper, the 
discovery of smelting and the transition to 
bronze and other alloys. The evolution of 
the casting process and of methods of working 
copper and bronze are dealt with at some 
length. The cire perdue method of casting 
was relatively widely used in the Bronze 
Age, and casting-on processes for repair work 
were also practised. There are numerous 
specimens of cire perdue casting in the Pitt- 
Rivers Museum and, on these, a note is 
contributed by the Curator, Mr. T. K. 
Penniman. 

Deductions from archeological evidence 
and conclusions arrived at ares checked and 
illustrated by the results of spectrographic 
analyses, microstructures and tests on 
specimens from the Pitt-Rivers Museum. 
Castings were made in very ancient stone 
moulds and in bronze moulds of later date. 
The utility of both forms of mould was 
demonstrated as well as the differences in 
structure which distinguish the metal cast 
in the two kinds of mould. The metal- 
lurgical work was undertaken with patience 
and skill by Dr. E. Voce, of the Copper 
Development Association and by members 
of the staff of the B.N.F.M.R.A. Metal- 
lurgical examination has provided the author 
with important evidence on which to base 
some of his conclusions in this interesting 
review of prehistoric metallurgy, and so to 
further the objects of the founder of the 
Museum, General Pitt-Rivers, who wished 
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his specimens to be “ arranged with a view 
to demonstrate, either actually or hypo- 
thetically, the development and continuity 
of the material arts from the simple to the 
more complex forms, and to show the varia- 
tions by means of which progress has been 
effected.” 





SHORT NOTICES 


Foundry Practice. By W. H. Salmon and 
E. N. Simons. London: Sir Isaac Pitman and 
Sons, Ltd., Parker Street, Kingsway, W.C.2. 
Price 30s. net.—This book covers the whole 
field of foundry practice and is intended to 
provide the fullest information based on the 
examination course of the City and Guilds of 
London Institute. In a simple concise way it 
deals with each aspect of the subject. The first 
chapters cover the initial stages of foundry 
work: the making and reading of drawings ; 
pattern design and making; mould materials ; 
sand mixing and preparation ; mould and core 
making, drying and baking ; and mould closing 
and pouring. Other chapters deal in detail 
with metal selection and testing, melting and 
pouring, fettling and heat-treatment ; and the 
book concludes with an interesting section on 
quality control applied to all sections of the 
foundry. The information is well sup- 
plemented with drawings and each section 
concludes with a number of questions, by which 
the student can ascertain if he has fully 
understood the subject matter. All students 
will find this book a valuable addition to their 
libraries and one which will provide a useful 
source of reference when they enter industry. 





Cutting Tool Materials. By Eric N. Simons. 
London: Sir Isaac Pitman and Sons, Ltd., 
Parker Street, Kingsway, W.C.2. Price 21s. 
net.—There is a considerable amount of 
information available on cutting tool materials, 
but it is spread over such a wide range of 
literature that it is often a matter of some 
difficulty to trace the precise information 
required. In this book the author presents 
very concisly the principal facts about the 
various steels and alloys used for all 
classes of cutting tools and describes their 
application, heat-treatment and composition. 
Its various sections cover high-speed and 
carbon tool steels, “‘ Stellite,” tungsten carbide 
and kindred alloys, butt-welded tools, deposit- 
welded high-speed steel tools, atomic hydrogen 
welded tools, and the grinding, testing and 
inspection of tool steels. A particularly useful 
feature of the book is an appendix, which gives 
in alphabetical order a comprehensive list of 
different tools with recommendations as to the 
kind of steel most suitable to each and typical 
compositions of such steels. References are 
given in the appendix to the pages on which 
notes of the appropriate heat-treatments for 
the materials are given. This book is a very 
useful addition to the literature on cutting 
tools and will be read with interest by all con- 
nected with their manufacture and use. 


The Hardness of Metals: By D. Tabor. 
Oxford: Clarendon Press. Price 15s.—In 
this book hardness measurements are dealt 
with in terms of some of the more basic physical 
properties of metals. The author does not go 
into details of the technique of various methods 
of hardness measurement, which are well 
described elsewhere; but, starting with the 
assumption that metals possess certain elastic 
and plastic characteristics, he shows how hard- 
ness may be expressed in terms of these pro- 
perties. The physical concepts involved are 
emphasised so that the reader may appreciate 
the general physical picture, without having 
necessarily to follow the more detailed mathe- 
matical treatment. The detailed analysis of 
the processes involved in the Brinell hardness 
test illustrates the fundamental complexity of a 
test which in practice appears to be so simple a 
way of obtaining comparative values for a most 
useful characteristic of metals. The more 
simple theory of conical and pyramidal indenters 
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is adequately dealt with, and there is an excel- 
lent chapter on dynamic or rebound hardness. 
The author has made important contributions 
to many aspects of the study of hardness, and 
his presentation of the subject should lead to a 
better understanding of the meaning of hard- 
ness and the significance of hardness tests. 
Some useful tables of hardness numbers, hard- 
ness conversion figures and typical hardness 
values are appended to the text. 





Technical Data on Fuel. Edited by H. M. 
Spiers. London: The British National Com- 
mittee, World Power Conference, 201, Grand 
Buildings, Trafalgar Square, W.C.2. Price 25s. 
—This data book was originally planned as 
part of the British contribution to the 1928 
Fuel Conference and the present edition, the 
fifth, was completed on the occasion of the 
Fourth World Power Conference. The fourth 
edition was published as long ago as 1935, so 
that the new volume represents a complete 
revision of the older work and incorporates 
much additional subject matter. «Conditions in 
the fuel industries have greatly changed since 
1935, and the book in its new form retains its 
pre-eminence as a handbook of data on fuel. 
The scope of the book has been increased to 
deal with the National Coal Board’s classifica- 
tion of coals, the properties of coal-tar fuels and 
the combustion of fuels with oxygen and with 
oxygen enriched air. Explanatory notes on 
Seyler’s coal charts are provided, together with 
a description of the use of the Jt-diagram and 
the additional material includes tables of 
thermodynamic data based in the U.S. Bureau 
of Standards, tables of the properties of steam 
and the specific heat data of gases have been, 
supplemented by tables arranged on a weight 
basis. In bringing the book up to date 
many sections have been rewritten, including 
the calculation of fluid flow in pipes, the 
measurement of fluid flow, heat transfer, 
metals and alloys, refractory materials, ignition 
characteristics of gases, detonation in liquid 
fuels, the rating of diesel fuels, the melting 
point of coal ash, and the reactivity of coke. 
Much fundamental data is contained in the 
volume, and besides a vast amount of general 
information, there are chapters on air water 
and gases, specific heat, and the thermo- 
dynamic properties of materials. There is a 
section dealing with thermal conductivity and 
also extensive data on gaseous, liquid and solid 
fuels, accompanied by combustion calculations 
and notes on stock losses. The concluding 
section lists miscellaneous thermal data, and 
there is an excellent bibliography. As with 
previous editions, the new volume continues 
to provide invaluable assistance to those 
requiring up-to-date data on fuel technology. 
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Water Undertakings and Steel 
Supplies 

A SPECIAL meeting of the British Waterworks 
Association was held in London on Tuesday 
last, under the chairmanship of Alderman J. R. 
Wardell, past-president, to consider the diffi- 
culties being encountered by the water supply 
industry through lack of steel to complete 
essential works. Alderman Wardell told the 
meeting that the Ministry of Housing and Local 
Government had stated that it was fully cognis- 
ant of the difficulties; nevertheless, no steel 
had been allocated to the water supply industry 
—apart from direct allocations for housing 
schemes—in the first period of this year, and 
there was little hope held out for the next 
period. After full discussion, the meeting 
passed a resolution calling upon the Govern- 
ment to alter its decision by making available 
to the water supply industry the relatively 
small quantity of steel needed for the con- 
tinuation of the essential water supply pro- 
gramme of maintenance, repair and new work. 
The resolution emphasised that without steel 
the completion of new works now in progress 
must stop and repairs would become impossible 
—a situation which would jeopardise the supply 
of water for the Government’s housing, 
rearmament, and export programmes, 
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Letters to the Editor 
(We do not - pprtngyet = seo yg the opinions y 
ASSESSMENT OF LOCOMOTIV): 
PERFORMANCE 

Str,—“ Trifling ” is a rather vague term, and 
I regret I cannot add anything to the figure 
quoted by Gresley. If my memory is correct, 
great pains were taken to ensure accurate 
calibration of the L.N.E.R. dynamometer, ang 
one cannot but prefer its records to any estimate 
deduced from the Johansen formula; “35 
h.p.”’ was cited for.80 m.p.h., not 90. As far as 
I can. discover, the coal consumptions for the 
complete 393-mile journey of the down 
“Coronation”? roughly averaged the figures 
tabulated :— 


Mean gross tonnage... ... ... .-. 310 

Coal per journey vee eee eee) 7 tons 1! ewt 
Coal per-mile ....- 6s. cee see ace GBD 

Coal per ton train mile ... --» 0-139 1b 
Coal per d.h.p./hr. ... 4-05 lb 


Average d.h.p.... 0... «+ ae ee 
Except in abnormal weather conditions, this 
left 1 ton 9 cwt to spare. As regards the up run, 
however, the Haymarket shed staff used to drop 
the coal on their tenders from above, not pack. 
ing it compactly under the top coverings, and 
the full 9 tons was usually not available. 

Cut-off indicators are admittedly very inaccu. 
rate at times in ordinary service, and the 
readings at Essendine appear to be a case in 
point. I do not, however, think they were 
always wrong as regards “A.4” outside 
cylinders. Orthodox calculation gives a false 
impression, except possibly for several “ A.4s” 
with lined-up middle cylinders, because it 
assumes an equal output from each cylinder, 
The question of power output can only be 
decisively settled by taking parallel indicator 
diagrams, preferably electrically, arid drawbar 
pull records in road tests. In locomotive 
testing, full weight is given to the indicator 
readings after the die block position has been 
checked ; at times cut-off can be determined in 
no other way, for it is impossible to tell where the 
admission line ends and the expansion line 
begins. 

The performance referred to by Mr. 0. 8. 
Nock (Journal I.Loco.E., No. 197, page 216), in 
which 87 m.p.h. was maintained on the level, is 
the most outstanding I can recall, with the 
exception of “‘Capercaillie’s,” and one is 
tempted to assume that the locomotive was one 
of the “‘ Kylchap ” quartet. Perhaps Mr. Nock 
could give a few details of this. As I pointed 
out, the L.M.S. locomotive formula gives a 
suspiciously high result here, and even Dr. 
Tuplin’s formule require 3295 i.h.p. and 39 per 
cent cut-off with full regulator. Sueh powers as 
these beat or equal those of a dimensionally 
larger ‘‘ Duchess Pacific ” when fully extended ; 
52 d.h.p. per square foot of grate was developed 
for some distance. 

J. D. MunnNIoN 

Chelmsford, February 3rd. 





Str,—In referring in his letter to the variables 
that affect train resistance, Mr. Holcroft 
emphasises the opening sentence in my article 
of October 12th on this subject. He is also 
inclined to confirm the suggestion, in the last 


paragraph of the article, that there is room for , 


discussion about the exact nature of any 
criterion used for assessing locomotive per- 
formances. The fact is that, whilst train 
resistance cannot be predicted with hair- 
splitting accuracy for any particular occasion, 
the variables tend to average out when many 
examples are taken. This at least is the most 
likely explanation of the fact that for several 
widely different classes of British locomotives 
the ratios of grate area to maximum drawbar 
horsepower figures derived from the Johansen 
formula follow a common curve when plotted 
against duration of effort. This curve repre- 
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gents a standard that has been attained ; 
reasons—or excuses—for failing to attain it can 
usually be found. 

The widely different_elasses examined in 
developing this criterion did not, however, 
include grateless locomotives, and the sign oo 
that ends Mr. Holcroft’s letter is no more than 
a mathematical hint to that effect. 

W. A. Tuptin, D.Sc., M.I.Mech.E. 

Sheffield, February 9th. 


THE GARRATT AND THE GAS 
TURBINE 

§rr,—In contributions to THE ENGINEER I 
have made no secret of my admiration for the 
“Beyer-Garratt ’’ locomotive; the very im- 
pressive 4~6-2-++-2-6-4 express engines built 
before the war for the Algerian Railways 
particularly interested me, and when, also just 
before the war, Mr. Williams, the London repre- 
sentative of Messrs. Beyer, Peacock and Co., 
showed me a number of drawings of Garratt 
locomotives that would be suitable for fast work 
on British Railways, I found them very thought- 
provoking. It is a pity none of them got farther 
than the drawing board. 

Apparently the ‘express Garratt” germ 
really infected me, as during the long winter 
evenings of 1947~48 I amused myself, and sub- 
sequently some readers of THE ENGINEER, by 
getting down on paper my own idea of a 
Garratt that could be used for express service 
in Britain, and would do the work even suppos- 
ing the trains should be much heavier than pre- 
war, and it was attempted to run them at the 
same pre-war speed. It seemed to me that as a 
result of nationalisation and the removal of 
competition this might become necessary were 
every redundant service cut out. Of course, 
the whole thing was really only a pipe dream, 
and I never even took it seriously myself, 
though some readers evidently did ! 

An outline drawing of this visionary engine 
appeared in one of the June, 1948, issues of THE 
ENGINEER; it was theoretically capable of 
hauling a 600-ton train at an average of 
60 m,p.h. inclusive, with a maximum of 90 
m.p.h. A long and interesting correspondence 
followed; so long, in fact, that though I 
intended to reply in a summing-up letter when 
the tumult and the shouting died down, I lost 
interest in the thing in the press of private 
activities and it all faded out without my 
rejoinder being written at all. If I remember 
rightly, one of the chief criticisms was to the 
effect that trains weighing 600 tons and over 
were not practicable and would never be run, 
so an engine as powerful as my projected 
Garratt would be unnecessary. I did not agree, 
and still do not, though I never said so ; now it 
appears that wiser heads than mine see a future 
for an engine the equal of or superior to the 
Garratt, and such a locomotive has not only 
been designed, but built. 

In this (Feb. Ist) issue of Taz ENGINEER there 
begins a description of the Metro-Vickers gas 
turbine engine, which is designed, as the intro- 
ductory paragraph states, “to haul 780-ton 
trains at speeds up to 90 m.p.h.” There my 
dream becomes reality—the visionary Garratt 
would have had a T.E. of 60,100 lb—the gas 
turbine’s is 60,000lb. I suggested nothing 
over 90 m.p.h. need be catered for in the 
Garratt ; the gas turbine is designed for this 
very figure. I need not take the comparison 
further, but it shows the projected Garratt was 
not so fantastic after all—it was only a little in 
advance of its time. I wish the gas turbine all 
success, and if it does as much with its 130 tons 
as the articulated engine doubtless would have 
done with its 250, it will only prove the future 
is with the former, and I had better try and 
transfer my affections to it. I shall try, but—! 

Epwarp H. Livesay 

Croydon, February 4th. 
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A Coal Burning Gas Turbine 


The Locomotive Development Committee of Bituminous Coal Research, Incorporated, 
at Dunkirk, New York, has now completed full-scale test operations for a period of 
1000 hours of a Houdry process gas turbine on a direct-fired open cycle, with coal 


as its 


primary fuel. Interesting combustion and ash removal equipment has been 


developed, which is being employed in a locomotive gas turbine test installation now 
in process of erection at Dunkirk. The work is described in this article. 


\ loro Locomotive Development Committee 
is composed of the chief executive 
officers of nine American railway com- 
panies and of five American coal pro- 
ducers. Mr. Roy B. White, president of 
the Baltimore and Ohio Railroad Comp- 
any, has been the chairman of the com- 
mittee since its formation in 1944. Mr. 
John I. Yellott and Mr. Peter R. Broadley 
are the director and assistant director of 
research, respectively, of the committee and 
have been responsible for the develop- 
ment work dealt with in the following review. 
The Houdry process gas turbine, which was 
employed in the tests to be described, was 
made by the Allis-Chalmers Manufacturing 














The most serious problem which has been 
encountered was the persistent leakage of 
the highly aerated coal through the clear- 
ances between the drum and the housing. 
When the clearances were reduced to a few 
thousandths of an inch, the power require- 
ment became excessive. The feeder which 
is currently in use has two counter-rotating 
drums, each comprised of four small rubber 
pump impellers. The feeder is driven by a 
1 hp. “ Vickers” hydraulic transmission 
through a remotely-controlled throttle. The 
effectiveness of the present coal feed system 
is shown by the fact that the turbine inlet 
temperature remains constant within 5 
deg. Fah. over considerable periods of time. 
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FIG. 1—COMBUSTION AND ASH REMOVAL EQUIPMENT 


Company, of Milwaukee, and is shown in 
Fig. 2. It was lent to the Locomotive Devel- 
opment Committee by the U.S. Bureau of 
Mines for the purpose of research into ‘the 
coal-fired operation of such a prime mover. 


CoaL PREPARATION AND FEEDING 


Coal is delivered from a bunker by.a 
stoker manufactured by the Iron Fireman 
Manufacturing Company, of Cleveland, Ohio, 
into a small tank which supplies a “ Whiting ” 
high-speed impact pulverising mill. The 
mill blower delivers conveying air and pul- 
verised coal to a separator at the top of the 
storage tank and most of the air is recircu- 
lated through the mill. The system is kept 
in equilibrium by venting a small amount 
of the air from the collector and drawing in 
an equivalent amount of fresh air at the 
mill intake. This fresh air keeps the tem- 
perature of the system below 160 deg. Fah., 
thus preventing fires in the mill and the 
storage tank. The system is automatically 
controlled by two “Fuller” rotary level 
indicators. The first indicator calls for coal 
from the mill when the pulverised coal in 
the storage tank falls below a fixed level. 
The mill feeder supplies coal to the mill 
until the level is restored to the desired 
point. A second indicator starts ' the 
stoker when coal is needed in the mill 
tank and stops it when this tank is full. 
Panel warning lights are provided. 


Furthermore, the response of the turbine 
speed to any changes in the coal feed rate is 
virtually instantaneous. 

Since the coal is prepared and fed at 
atmospheric pressure, it must subsequently 
be brought up to combustor pressure. This 
is accomplished by the “L.D.C.” rotary 
coal pump, shown in Fig. 3, which was 
developed by the committee. This pump is 
essentially a star feeder with very small 
clearances. Coal is dropped into the pockets 
of the rotor at the rate established by the 
feeder. The rotor turns at a fixed speed of 
60 or 100 r.p.m., depending upon the gear- 
motor speed reduction ratio. The coal is 
carried around the pump to the pick-up 
point where the high-pressure conveying 
air stream blows through the pocket and re- 
moves the coal positively. The clearance 
between the rotor and the casing is so 
small (0-003in to 0-005in) that very little 
air and no measurable quantity of coal can 
leak back around the pockets to the coal 
inlet. As each pocket passes the pick-up 
point, it becomes filled with high-pressure 
air, which must be vented before the pocket 
reaches the coal inlet again. The pump 
rotor is subjected to the unbalanced force 
of the air pressure in the casing, which 
force tends to lift the rotor and make it 
touch the upper half of the casing. The rigid 
construction shown was adopted to over- 
come this problem. Leakage over the rotor 
teeth is minimised by the use of close clear- 
ances, but leakage across the rotor faces 





has to be prevented by the use of face 
seals. 


CoMBUSTION 


An oil-fired air preheater has been pro- 
vided to supply the temperature rise which 
the regenerator will produce in the loco- 
motive turbine. A number of burners and 
combustors have been tested and the best 
combination was found to be that shown in 
Figs. 1 and 4. The combustion chamber 
may be considered to be a film-cooled, 
stainless steel enlargement of a jet-engine 
combustor. The coal is carried into - the 
system by primary air at a ratio of 1 lb 
of coal per lb of air. The air-coal velocity 
is kept above a rate of 50ft per second to 
eliminate any possibility of a flash-back 
through the burner. 

As shown in Fig. 4, the annular burner 
which was developed by the committee, 
provides a central mounting for a “ Pea- 
body ” wide-range oil burner, which is 
cooled by secondary air entering the com- 
bustor. The coal-air stream swirls out of 
the burner with clockwise rotation imparted 
by the tangential inlet. The secondary air 
entering around the burner is given a coun- 
ter-clockwise spin by vanes. The resulting 
turbulence causes the flame to be quite 
short and intense, while additional air enters 
through slots to keep the combustor head 
relatively clean and cool. An oil-fired 
igniter is situated in the combustor head. 
This igniter, which was also developed by 
the committee, uses a small stream of 
“ram” air to bend a hot spark into the 
oil spray, thus keeping the spark plug clean 
and cool. A flame-on indicator is being 
developed to replace the sight glasses which 
are now in use to enable the operator to 
know when the combustor is lit. This 
indicator uses two chromel-alumel junctions. 
one of which is exposed to the ram air and 
shielded from the flame, while the other 
“sees” the flame directly. The small 
e.m.f. generated by the thermo-couple 
is fed to a magnetic amplifier, which 
boosts the current up to the point where a 
relay can be operated. 

The principal problem found in the design 
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Fic. 4—ANNULAR BURNER FOR COAL AND OIL 


of the combustor was to devise a method of 
support which will keep the film-cooling 
slots open after the metal becomes hot. 
The rings must be allowed to expand radially 
but must be restrained axially. The “‘ strong- 
back” arrangement shown in Fig. 6 has 
given more than 250 hours of satisfactory 
service and will be used in the locomotive 
turbine. A new design, affording more 
radial flexibility, is currently being tested 
in the Houdry unit. 

The combustion efficiency of the design 
shown in Fig. 6 is affected primarily by the 
coal fineness and the air-coal ratio. All 
tests up to the present time have been run 
with ‘a highly volatile Pittsburgh No. 8 
bituminous coal. It has been felt that 
enough variables were present without 
introducing the additional problems pre- 
sented by the burning of different types of 
coal. It was found that, if coal fineness is 
held constant at about 97 per cent —100 
mesh, 90 per cent —200 mesh, the following 
combination efficiencies may be expected 
for highly volatile bituminous coal :— 
— rise, deg. 

.. 300 400 500 600 700 
Combustion ‘efficiency, 

percent... 81 83 86 93 95 

At the present stage of development the 
igniter remains in use while coal is being 
burned. It is felt that it is worth expending 
about 8 gallons of 
fuel oil per hour as an 
insurance against loss 
of flame due to a 
momentary interrup- 
tion of the coal supply. 
Without the igniter, 
the coal flame alone 


BURNING GAS TURBINE AT DUNKIRK 


can be maintained over a turn-down ratio 
of at least 4 to 1, but the subject of range 
has not yet been completely investigated. 
Since there is no ceramic material in the 
combustor and the metal cools almost 
instantly when the flame is extinguished, 
there is no source of re-ignition other than 
the igniter in case of fuel failure. 


Aso REMOVAL 


The development of the direct-fired, 
coal-burning gas turbine has presented many 
difficulties, but by far the most fundamental 
and vital problem involved is that of ash 
removal, which must approach perfection 
if the turbine is to have an acceptable 
life. The question of ash removal is severely 
complicated by the tremendous range of 
ash particle size. Ash fragments encoun- 
tered have ranged from dislodged deposits 
12in long to sub-microscopic particles. 

Initial experiments with a full-scale pres- 
surised combustor led to the development of 
the louvre separator shown in Figs. 1 and 
6. This separator resembles a venetian 
blind rolled into a cone, with the ash-laden 
air entering the large end. The air and the 
finer ash particles can make the abrupt 
change in direction required to find their 
way out of the louvre, but the larger ash 
particles and about 4 per cent of the air 
passes out through the louvre blowdown 
line. The louvre also serves effectively to 
eliminate any temperature stratification and 
to produce a flat temperature profile at the 
inlet of the main ash separator. The annul 
burner shown in Fig. 4 gives a “ hot core’ 
to the air leaving the combustor and the 
ash particles in this core apparently resemble 
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minute eggs, being “frozen” on the sur- 
face but viscous inside. When these par- 
ties impinge on a surface such as the 
louvre elements, they tend to adhere. 
Thus, the building up of ash deposits. on 
the louvre is the present limiting factor in 
the operation of the Houdry plant. After 
thirty-five to forty hours of operation at a 
fixed firing rate, the louvre area becomes 
restricted to the point where the pressure 
drop is excessive. When the unit is shut 
down, the louvre cools off quickly and the 
metal rings shrink much more vigorously 
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blows the ash out at the rate of 15 cubic 
feet per minute. The cleaned air flows 
back through the tube and re-enters the 
main air stream. The larger ash particles, 
unable to pass through the screen, drop to 
the bottom of the outer cylinder, where they 
encounter a tangential jet of cold air. This 
jet acts ‘by attrition to grind up the larger 
particles and to carry the resulting finer 
fragments up through. the screen. The 
cold jet also quenches the burning ash and 
prevents any serious sintering of the par- 
ticles which collect in the cylinder. This 
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FiG. 5—-SEPARATOR 


than do the ash deposits. Most of the ash 
cracks off and the remainder is easily removed 
by hand. 

The louvre blowdown air must be returned 
to the separator inlet, because the system 
cannot tolerate an air loss of anything 
approaching 4 per cent. For this purpose 
a blow-down separator has been developed, 
which concentrates the ash into a very small 
stream of air and returns most of the blow- 
down flow to the downstream side of the 
louvre. This separator consists of a 10in 
“Dunlab ” tube (to be described in detail 
below) mounted within a 20in diameter 
cylinder. The louvre blowdown line enters 
the outer cylinder radially and is given a 
tangential ‘“‘kick” by a deflector plate. 
The air revolves around the inner tube and 
carries the finer particles through a tin 
screen into the “Dunlab” tube. This 
tube separates the ash from the air and 
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combination of a louvre and a blowdown 
separator disposes of the larger pieces of 
ash. 


The separation of the fine ash particles 
has proved an extremely difficult problem. 
Early attempts to use small diameter 
cyclone separators for this purpose were 
defeated because of the combustible nature 
of the ash. It was learned that a continuous 
ash discharge was essential with a film- 
cooled combustor because of the high carbon 
content of the ash. For a highly volatile 
coal even a combustion efficiency as high as 
95 per cent still leaves about 35 per cent 
carbon in the ash, which must be cooled 
below 600 deg. Fah. before it will cease to 
burn. 

The various separators which have been 
used with the Houdry unit have all possessed 
the common feature of a continuous blow- 
down. The original separator used during 
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the first 500 hours contained eighteen 
straight-through tubes made by the American 
Blower Corporation, of Detroit, and employed 
a 10 per cent blowdown. This separator 
operated without either burning or plugging 
but it allowed too much +10 micron (1 
micron=0-000039in) material to enter the 
turbine. Consequently a separator was 
constructed which used eighteen “10 VSX 
Multiclones,” built by the Alco Products 
Division of the American Locomotive Com- 
pany to the designs of the Western Precipi- 
tation Corporation, of Los Angeles. The 
major problem regarding this “ Multiclone ” 
battery was the removal of the separated 
dust from the eighteen tubes operating in 
parallel. The first solution attempted was 
to group the tubes into two banks of nine each 
and to put a trough with an ash-removal 
screw underneath each bank. This arrange- 
ment was used in the third 250-hour test 
period with discouraging results. Analysis 
of the dust samples collected at the turbine 
inlet showed about 20 per cent of the par- 
ticles to be above 20 microns and 50 per 
cent to be above 10 microns. This result 
resembled the separator inlet dust analysis 
so closely that leakage was immediately 
suspected. The separator was inspected 
carefully after a few hours of service and a 
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Fic. 7—** DUNLAB’*’ TUBE 


number of leaks were found at bolted joints. 
These were all welded up and the number of 
effective tubes was reduced from eighteen to 
twelve. When the separator was put back 
into service only a slight improvement was 
found, but it was decided to continue the 
test to see what effect this relatively coarse 
dust would .have on the turbine. blades. 
Meanwhile, a new line of attack was under- 
taken, which led to the development of the 
highly efficient “‘Dunlab ” tube. It became 
evident that the disappointing separator 
performance could be considered due to 
recirculation through the discharge troughs. 
The dust which was collected in the first 
tubes was being blown back along the 
trough and discharged into the cleaned 
air space through the last tubes. 

A number of arrangements were considered 
by which each tube could discharge its dust 
separately. This led to a series of tests on 
a modified “ Multiclone ” to the bottom of 
which a small 6in diameter by 5in deep 
“discharge pot” had been attached. A 
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lin tangential discharge pipe at the bottom 
of the “pot” provided a blowdown line 
through which 1-0 to 1-7 per cent of the 
air flow was vented with the collected dust. 
This modification gave such encouraging 
results that the original Houdry separator 
was removed from the system and the 
troughs and screws were replaced by the 
“discharge pots” with individual blow- 
down lines. Each line was led out through 
a flange to a common blowdown header and 
a flow nozzle and manometer were connected 
to each line so that a continuous indication 
of air flow was provided. This modified 
“Multiclone ” separator was put into opera- 
tion early in January, 1951, and a number 
of successful tests were run. Meanwhile, 
the “Dunlab” tube had been developed 
and had given particularly promising single- 
tube test performance. 


THE DUNLAB TUBE 


In view of the importance of obtaining 
an efficient ash separator for the coal- 
burning gas turbine, it was decided in 1950 
to have a separator test stand erected at the 
Dunkirk laboratory along the lines shown 
schematically in Fig. 5. Compressed air is 
admitted through a critical flow nozzle, 
which serves the dual purpose of flow mea- 
surement and aspiration of the test dust. 
The dust is fed in measured amounts by a 
“Syntron” vibrating feeder. A gas-fired 
combustor is used to heat the air to any 
desired temperature up to 1400 deg. Fah. 
The separator to be tested is mounted in 
the line after the air heater and the cleaned 
air passes through a pair of 6in collectors 
made by the American Blower Corporation. 
When a blowdown is used to carry away 
the collected dust, a calibrated 2in “‘ Aero- 
tec ” tube in the blowdown line catches most 
of the dust. The efficiency is calculated 
by dividing the “ Aerotec” “catch,” cor- 
rected by the known efficiency of the 
“ Aerotec”’ tube, by the weight of the 
“feed” dust. The “loss,” as caught in 
part by the tubes in the discharge line, is 
also weighed after each test to give a material 
balance. The particle size distribution of the 
“loss”’ dust can also be determined by 
elutriation in a Roller analyser. 

The object of the use of the separator 
test stand was to learn what collection 
efficiency could be obtained from commer- 
cially available tubes operated at high 
temperature and high air flow and to develop 
a simple but reliable method of continuous 
ash discharge. It was also hoped that 
improvements could be made in separator 
performance, which would reduce the tur- 
bine inlet dust loading and positively prevent 
any +20 micron ash from passing through 
the turbine. 

Several kinds of ash were used; many 
of the tests were run with a fly ash of the 
Detroit Edison Company, and a number of 
tests were run with ash caught by the 
separator during operation of the Houdry 
unit. Typical analyses, made with the 
Roller elutriator, are given in the following 
tables :-— 








Sieve size, Houdry fly ash, | Detroit Edison, 

micron percent “| fly ash, per cent 
—10 49-34 20-4 
+10-20 30-0 22-9 
+ 20-40 16-3 25-9 
+ 40-80 4-0 22-0 
+36 8-8 


+80 | 0 





The “ Dunlab” tube, shown in Fig. 7, 
has been investigated in a series of tests in 
which the tube dimensions were systemati- 
cally varied. This tube was evolved after 
a study of the German literature, which 
disclosed that excellent results had been 
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reported by E. Feifel for cylindrical tubes 
equipped with iris diaphragm separator 
plates. The tubes described by Feifel used 
@ single aperture at the outer edge of the 
plate through which dust and air passed 
into a lower collection chamber. The air 
returns to the upper tube through the 
breather hole. The tube designed by the 
Locomotive Development Committee differs 
from previously diselosed designs in that it 
uses blades in the “ razor plate” to ensure 
positive and vigorous rotation of the dust- 
laden air which enters the lower discharge 
section. A tangential blowdown pipe pro- 
vides continuous ash discharge. 

After preliminary studies had shown that 
the “Dunlab” tube had excellent pos- 
sibilities, tests were carried out to determine 
its optimum dimensions. Starting with a 
10in “‘ Multiclone,” it was found that good 
results were obtained with the dimensions 
shown in Fig. 7 and listed below in inches 
and in terms of tube diameter “ D ” :— 











Dimension in 
Component Dimension in terms of 
inches diameter “‘ D ” 
Barrel length 22-0 2-2D 
Diameter of] . 1-5 D/6- 
breather hole 
Depth of discharge 10-0 D 
section 
Diameter of blow- 1-0 D/10 
down pipe 











From data for both the Houdry and the 
Detroit Edison fly ash, it was apparent 
that the collection efficiency increases with 
air flow up to a rate of 1500 cubic feet per 
minute per tube but the increase is small 
above 1200 cubic feet per minute. The 
efficiency was also found to depend upon the 
amount of air blown down through the 
discharge tube. Fortunately, the curve of 
efficiency versus per cent blowdown is 
quite flat above 1 per cent. At 1500 cubic 
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feet per minute per tube a blowdown of 
15 to 20 cubic feet per minute proved 
adequate. A velocity of 60ft to 80ft 
second is maintained in the blowdow, 
pipe, which is quite sufficient to convey 
the separated dust. 

After the optimum tube dimensions wer 
determined, the “ Multiclone ” spinner was 
altered by extending the vanes to reduce 
the exit angle from 45 deg. to 30 deg. This 
increased the pressure drop by about 39 
per cent but it also raised the efficiency at 
1500 cubic feet per minute by 8 to 11 per. 
centage points. It is more significant to 
express the gain by stating that the amount 
of Detroit Edison dust not caught was 
reduced from 12 to 4 per cent. With 
the much finer Houdry ash the amount not 
caught was reduced from 25 to 14 per cent, 
An analysis of the particle size of the “loss” 
dust in the cleaned air showed that less 
than 1 per cent of this dust was larger 
than 10 microns, and only 1 to 2 per cent 
was larger than 20 microns. 

The Houdry separator was again modified 
after thirty-three hours of the fourtn 250. 
hour test had been run. The cones at the 
bottom of the “ Multiclones” were cut off 
and replaced by the “ Dunlab ” tube arrange. 
ment of “ razor plate ’’ and discharge section. 
The individual blowdown lines were retained 
with manometers to indicate that each tube 
was discharging properly. On the resumption 
of operation of the Houdry unit, the dust 
collection efficiency with the combined 
louvre and “ Dunlab ” separator was approxi- 
mately 90 per cent, with only about 2 per 
cent +20 micron dust being present in the 
turbine inlet air. These encouraging results 
led to the decision, taken at the end of the 
fourth 250-hour test, of constructing a 
similar separator for use in conjunction 
with the Allis-Chalmers locomotive gas tur. 
bine test installation. 


(To be continued) 


Takoradi Harbour Extensions 


INCE 1928, when the only deep-water 

harbour on the Gold Coast was opened to 
shipping at Takoradi, there has been a steady 
increase in the trade of that Colony. Between 
1932 and 1948, for example, the tonnage of 
cocoa exported per annum rose from 62,500 
tons to 137,000 tons ; timber exports rose from 
5700 tons to 141,000 tons; manganese ore 
exports have more than doubled to about 
700,000 tons, and in 1948 exports of bauxite 
ore, which had started during the second world 
war, reached the figure ‘of 144,000 tons. The 
annual volume of imports bas ircreased by 
similar proportions. 

The lay-out of berths, sheds, moorings and 
communications, which had been adequate to 
meet the original traffic requirements when 
the harbour at Takoradi was first built, was no 
longer sufficient to deal with this increase, and 
in 1937 the required extensions were planned, 
but because of the war were not carried out. 
In 1947, the consulting engineers, Messrs. 
Rendel, Palmer and Tritton, at the request of 
the Gold Coast Government, submitted revised 
proposals taking into consideration the changes 
which had occurred during the previous ten 
years. These ls having been accepted, 
in due course the* contract for the harbour 
extensions works, amounting in value to about 
£2} million, was placed with Taylor Woodrow 
(West Africa), Ltd. Work was started in June, 
1949, and is due to be completed in 1953. 

The new works at present under construction 
are outlined in the accompanying plan; 
they include 1600ft of deep-water quay, pro- 
viding three general cargo berths; an oil- 
discharging. berth; a bauxite loading berth ; 
a timber depot, with medium-to-shallow water 


docks for lighters and log rafts, comprising 
about 3500ft of quay wall and handling and 
storage facilities for logs and sawn timber; 
transit and storage sheds; open dumps and 
cargo platforms ; over 20 miles of sidings and 
60,000 square yards of roads and paved areas ; 
a road bridge; forty-two electric cranes of 
various kinds, and 70 acres of reclamation. 
The first section of the work to be put in 
hand was the timber depot, because the need 
to improve timber export facilities was con- 
sidered to be the most urgent. The depth of 
water in this area varies from 7ft to 17ft below 
low water and the tidal range is about 4-3ft 
at ordinary spring tides. The area of the sand- 
stone harbour bed on which the walls were to 
be founded was cleared of silt, cut and keyed as 
required and the cast-in-situ quay walls, 
nominally of 1: 2:4 concrete, constructed up 
to the coping level 10ft above low water, 25 per 
cent extra cement being used in concrete 
deposited below low water level. The filling 
behind the quay walls is sand obtained from the 
estuary of the Whin River, 2 miles to the west 
of the harbour, and is transported to the site 
by road vehicles. Both logs and sawn timber 
will be brought to the depot by way of the 
road or rail connections provided; the sawn 
timber will be handled from trucks or lorries, 
either to stack or into lighters, by twenty 3-ton 
overhead electric travelling cranes in the two 
new sawn timber sheds; the logs will be 
unloaded by six 10-ton electric portal cranes 
and placed either in stack or in the water to 
be made up into rafts. A wagon traverser is 
to be installed at the east end of No. 1 sawn 
timber shed, where lack of space makes the 
provision of a shunting neck impossible. 
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Some of the rock excavation required for 
the construction of the timber depot walls was 
removed by the Harbour Authority’s rock- 
preaker “‘ Druid” and some by divers with 

umatic tools. The shuttering and concreting 
of the walls was carried out from two 500-ton 
steel barges equipped for that purpose with 
eranes, concrete mixers, pumps and com- 
pressor. Careful planning was required during 
the early stages of this work to keep interrup- 
tion of the normal timber traffic of the port to a 
minimum until the opening in April, 1951, of 
the north log quay, which is roughly equivalent 
in length to the original timber quay. 

The main wharf extension is a continuation 
eastwards of the existing deep-water quay. 
The foundation of the quay wall is in 1:2:4 
concrete, sereeded level and stepped where 
the depth of the underlying rock bottom 
necessitates an additional course of the precast 
concrete blocks with which the wall is con- 
structed up to 2ft above low water level. The 
blocks, which are of 1: 3:6 nominal mix, the 
heaviest weighing about 15 tons, are laid in 
horizontal courses and bonded and keyed with 
bagged concrete joggles, and above them is the 
cast-in-situ concrete superstructure, in which 
provision is made for a service subway for 
pipes, cables, &c. 4 t 

A portion of the existing main wharf at the 
end adjacent to the new works has been tem- 
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on the north side of the breakwater. Hold-off 
buoys and anchorages will be provided to 
facilitate mooring. The removal of Cox’s 
Fort Hill and the provision of a railway yard 
necessitates the re-alignment of the mile-long 
aerial ropeway feeding the berth, work on 
which has recently commenced. 

An oil berth, a jetty with mass concrete 
piers and a steel superstructure, will also be 
built on the north side of the lee breakwater, 
replacing the present mooring berth and floating 
pipe-line there. it will be necessary to re-align 
the existing oil pipe-lines between the berth 
and the oil storage tanks to suit the new lay-out. 

In order to make room for the railway 

ing yards and cargo platforms and to 
provide part of the fill required for reclamation, 
the whole of Cox’s Fort Hill, containing about 
14 million ‘cubic: yards of material, is being 
removed. The hill is composed of a laterite 
cap overlying beds of sulphurous shale; the 
latter material is such that it undergoes a 
chemical change with resulting change in 
volume when exposed to the atmosphere, and 
is therefore unsuitable for use as filling when 
tipped in the open. The chemical action is 
arrested, however, when the shale is tipped 
under water and the filling is so arranged that 
all the shale is deposited below water level and 
well blanketed with inert laterite. Most of the 
site of the hill will be occupied by the railway 
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porarily taken over by the-coniractor and fitted 
out as a block casting and stacking yard, a 
transit shed being partially dismantled to 
provide the necessary space. The blocks are 
being placed by a specially designed block- 
laying crane which travels on trestles along 
the portion of the wall already built. 

The filling behind the new wharf is being 
provided by material excavated. during the 
levelling of Cox’s Fort Hill, a hill situated to 
the north of the harbour. Two*double-storey 
transit sheds on piled foundations are to be 
built on the wharf extension ; one. of the sheds is 
to have facilities for dealing with passengers 
and baggage. Between the sheds and the quay 
face three rail tracks are to be provided. At 
the rear of the sheds four more tracks are to be 
laid and, to accommodate the fourth line, which 
is a new addition along the whole length of the 
main wharf, it has been necessary to widen the 
lee breakwater by facing it on the north side 
with a retaining wall 1500ft long. 

The general cargo quays on the main wharf 
extension will be served by sixteen 3-ton portal . 
cranes, electrically driven, which will straddle 
the southernmost rail track; twelve of -these 
cranes are intended to operate on the new 
quays and the remainder, as renewals, on the 
existing quays. 

The present bauxite loading berth, a wartime 
structure on the south side of the lee break- 
water, is being dismantled and re-erected with 
some modifications on new mass concrete piers 


yard which will also extend over part of the 
reclaimed aréa, but the greater part of this 
area, to the east, will be reserved for future 
developments. The general level of the 
reclaimed land is 10ft above low-water level, 
the seaward face being protected by a granite 
rubble dyke. 

The excavation pliant consists of two 
‘*54 R.B.” Bucyrus-Eyrie excavators, a fleet 
of thirteen Euclid tipping wagons, four bull- 
dozers and a grader. Explosives are used in 
holes up to 35ft deep to loosen the shale before 
excavation. 

Sorting and marshalling of railway traffic 
is now carried out at a yard 1} miles north of 
the harbour but, when the extensions are 
completed, will be carried out at the new railway 
yard. Takoradi is primarily a railway port, 
but in recent years the proportion of goods 
handled by road has increased, provision for 
which is made in the new lay-out. A new 
approach ‘road to the harbour from the north 
is being included in the scheme, crossing the 
junction of the main lines and the north end 
of the yard by an over-bridge. The existing 
locomotive yard will be replaced by a new one 
north of the new railway yard incorporating a 
locomotive shed 220ft by 162ft, a turntable 
and plant for coaling and watering, &c., and 
arrangements for the removal of ash. 

Two electricity substations, one on the main 
wharf extension and the other in the timber 
depot area, are to be constructed, each contain- 
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ing a workshop, stores and office. A third 
smaller substation is to be built near the 
slipway repair berth in the south-west corner 
of the harbour. 

Locally produced materials are used where 
possible in the works. Of the various hard- 
woods tested for resistance to attack by marine 
pests, Kussia (or Opepe) has been selected for 
fendering and for other uses in situations 
between wind and water. Excellent granite 
is obtained from the quarry near Sekondi (about 
7 miles from the site), which supplied the stone 
for the breakwaters of the original harbour. 
The quarry has been put into condition for 
large-scale production of granite rubble, and 
modern crushing and screening plant has been 
installed to produce the graded aggregate 
required for concrete and railway ballast. 
Materials testing is done on the site in a small 
laboratory equipped with a 200-ton compression 
testing machine and other apparatus. 

Ancillary to the main harbour works, a major 
housing project is in hand, intended to house 
the supervising and labour force during the 
construction period and later to form part of 
the general development of Takoradi. The 
labour housing estate is being executed by 
separate contract and comprises 2000 dwellings 
with roads, water supply and other services. 
The houses are built in compressed laterite and 
cement blockwork, the laterite being obtained 
from the site, and they have roofs of asbestos 
sheeting. The estimated cost of the labour 
housing estate is £350,000. 
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All British Standard Specifications can be obtained from 
the Sales Department of the Institution at 24, Victoria 
Street, London, S.W.1. 


SYMBOLS, TERMS AND DEFINITIONS FOR 
GAS QUANTITIES IN RECIPROCATING 
INTERNAL COMBUSTION ENGINES 

No. 1798: 1951. This Standard was prepared 
at the request of the British Internal Combustion- 

Engine Research Association because the exchange 

of information relating to the gas processes in 

compression-ignition engines has been hindered by 
the lack of clear definition of such terms as “‘volu- 
metric efficiency,” “delivery ratio,” ‘“‘scavenging 
efficiency” and the like. According to circum- 
stances, various meanings are commonly assigned 
to such expressions and it is considered undesirable 
to restrict their use by standardising single mean- 
ings. The difficulty can be overcome by the adop- 
tion of a standard method of defining the intended 

i In this standard, symbols, terms and 
definitions are given for the simple quantities 
from which such functions as the above are derived. 

By means of the symbols, commonly used expres- 

sions can be clearly defined. Moreover, many 

other relationships which may come under. con- 
sideration can be simply expressed, whereas the 
allocation of names to them all is impracticable. 

The standard applies to two-stroke cycle and four- 

stroke cycle engines, atmospherically charged and 

ressure-charged, and also to free piston engines. 

Price 1s. 6d., post free. 





LIMITS OF RADIO INTERFERENCE 


No. 800 : 1951. This revision specifies the limits 
of magnitude, duration and frequency of occurrence 
of radio interference which may be generated by 
many kinds of electrical appliances over a frequency 
band of 200kc/s to 1605ke/s. These limits are con- 
sidered to be adequate for the protection from such 
interference of the majority of radio broadcast 
receivers operating within this frequency range. 
The standard does not apply to ignition systems of 
internal combustion engines nor to industrial, 
scientific and medical radio frequency equipment, 
which are covered by other British Standards and 
Codes of Practice, nor to interference arising from 
defective domestic electric installations. 

The principal amendments in the new edition of 
B.S. 800 are.a simplification of the technique of the 
measurement of the noise voltage at the terminals 
of the interfering appliance; an increase in the 
permissible upper limit of the terminal noise voltage 
from 500 to 1500 microvolts; a-revision of the 
limits for the duration and frequency of occurrence 
of radio interference; and the postponement of 
the use of the radio interference-free mark until the 

ification is extended to cover the frequencies in 
use for television. This step has been necessary 
because it was found.that electrical appliances 
which could satisfy the limit requirements in the 
lower frequency bands might, nevertheless, cause 
intolérable interference in the television frequency 
band. Price 3s., post free. 
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The Rome Metropolitan Railway 


By C. CARTY, Dipl.-Ing. 
No. II—(Coneluded from page 212, January 18th) 


Construction of the Rome Metropolitan Railway was suspended when the last war 
broke out. It has since been resumed. The line has a length of 11-332km, about 
one half underground, and runs south-west from Rome Central Station. The depth is 
shallow. Rail level varies between 8m and 11m below ground. But tunnelling 
methods have been used in its construction. The line is described, details are given 
of various structures, and references are made to difficulties encountered in carrying 


out the work. 


STATIONS 
OST of the stations of the Rome Metropolitan 
ilway have only been built or completed 
since the war. The stations below ground all com- 


prise a main hall of 16m span which covers both 
running tracks at the centre, and two platforms 
on either side, each platform being 4-50m wide, 
166m long and 1- 15m above rail level. The design 
of each hall as well as the arrangement of the 
entrances is, of course, different for each station. 


Thus a mass concrete parabolic arch 
vault supported by mass concrete pillars 3m 
thick has been used for the Termini station ; 
in addition, there are two concourses 7m wide 
each, roofed with groin vaults on either side 
of the 16m main hall. The monotony of the 
yaults.is broken by ribs rising from the pillars, 
clearly visible on Figs. 9 and 10. 

While the platform level at 47-78m a.D. is 
10.30m below street level, the two ticket halls 
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provided, Fig. 11, are at an intermediate level 
6-64m below the street, so that there is only a 
difference of 3-66m to be overcome between 
them and the platforms. One of the two ticket 
halls is directly connected by means of stairs 
with the concourse of the Termini main 
line station. Both underground ticket halls 
have their own cloakrooms and lavatories. To 
allow pedestrians to avoid the traffic when 
crossing the large square in front of the 
Termini main line station, and to avoid 
crossing either of the two ticket halls, 
the Rome civic authorities have provided 7m 
wide and 100m long public subways, one on 
each side of the ticket halls, to which these 
subways are connected by stairs. Stairs 2-60m 
wide lead from these subways to the street. 
From the ticket halls stairs, 7m wide, lead down 
to the Metropolitan Railway platforms. A 
1-80m wide unidirectional rising escalator will 
be provided in addition, 
leading direct from the 
platforms to ground 
level. 
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As elsewhere along the Metropolitan line, 
the construction of the Termini station 
was delayed and seriously hampered on account 
of the remains of the work carried out by 
engineers, architects and artists of bygone ages. 

At the Metropolitan Termini station, 
the engineers of to-day discovered to their an- 
noyance and to the joy of archeologists, always 
eager to enlarge their knowledge of ancient 
Rome, that, in addition to the well-known, 
because still visible, outer wall of Servius 
Tullus, there existed a smaller wall, buried 
beneath soil and debris, retaining the earth 
dug up from the moat alongside the outer wall. 
At the point where this unknown retaining 
wall crosses the left-hand ticket hall, reinforced 
concrete beams have been provided for its 
support, while false vaults underneath preserve 
the general aspect of the hall. As has been 
previously mentioned and may be well imagined, 
this was not the only occasion where designs 
had to be drastically modified in the course of 
construction in order to meet conditions arising 
from the presence of unexpécted structures 
found buried in the subsoil. 

Whenever archzological remains were encoun - 
tered, all mechanical drilling, &c., had to be 
stopped and a member of the team of arche- 
ologists standing by had to be called in, work 
being resumed under his supervision and by 
hand methods only, to avoid causing 
irreparable damage to the silent witnesses of 
past history. So many of these Roman anti- 
quities were collected in the course of the work 
that a special room, accessible from the right- 
hand platform, has been set aside at Termini 
station for their exhibition. It is 10m high to 
accommodate one particularly large mosaic, 
8m in height. 

The station of 8. Pietro in Vincolo, Fig. 12, 


PIETRO IN VINCOLO STATION 
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was built inside an octagonal ring frame of 
reinforced concrete (Figs. 13, 14), so as to keep 
the stress on the foundation as low as Ikg per 
square centimetre, and also to avoid any settle- 
ment which might endanger the stability of 
adjacent buildings. Where the Metropolitan 
line leaves the Via Cavour and enters the hill 
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FIG. 13—LONGITUDINAL SECTION AT S. PIETRO 
IN VINCOLO STATION 


beneath 8. Pietro in Vincolo, it takés up all 
the cellar space of a house across the tunnel at 
that point, the ground floor of the building 
being actually carried on reinforced concrete 
beams, while the space between these beams 
and the tunnel roof is filled with sound-insulat- 
ing material. This second station is provided 
with two entrances, one at the intersection of 
the Via Cavour with the Via Giovanni Lanza, 
while the other, which is at platform level, 
admits passengers from a local square, also 
connected by steps with the Via Cavour. 

As the Colosseo station, Fig. 5, is partly 
located within a strata of water-bearing sand, 
it has been built inside a tunnel of similar 
cross section to that of many Parisian ‘‘ Metro ” 
stations, i.e., of elliptical cross section, the 
maximum axis having a width of 16-12m 
and accommodating, as elsewhere, two 4-50m 
wide platforms on either side of the tracks. 
The ticket hall is at road level and access from 
the road is by means of three entrances built 
in the wall facing the Colosseum square, each 
doorway being surmounted by a semi-circular 
arch, so as to harmonise better with the archi- 
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tecture of the surroundings (Colosseum, Arch of 
Constantine). 

Because of the low available building height, 
the Circo. Massimo station, Fig. 6, has been 
roofed with reinforced concrete slabs carried 
on reinforced concrete beams. The ticket hall 
is covered with mass concrete arched - vaults 
and runs underneath the pavement of the Via 
Aventina, 5m below ground level. Stairs give 
direct access to the left-hand ticket hall, adjoin- 
ing the new building, close by, housing the 
Ministry of Posts and Telecommunications. 
The right-hand platform is connected with a 
concourse below the Viale Aventina, whence a 
5m wide staircase leads to the corner of the 
Viale Circo Massimo. 

As already stated, at the station of the 
Piramide de Caio Cestio, the Metropolitan 
railway comes to the surface alongside, but 5m 
below the level of, the existing Rome-Lido 
railway terminus. Advantage has been taken 
of this fact to provide a three-floor building 
at this point. At street level is a ground floor 
with a concourse and ticket office together 
with a cloakroom as well as a signal cabin. 
From the concourse two 6m wide stairways 
lead down to the platforms, Fig. 7, while 
another staircase provided alongside the ticket 
office leads to the upper floor, containing, 
besides a private flat, the offices for the operat- 
ing department of the Metropolitan rail- 
way. Further office space is provided at plat- 
form level, alongside the second pumping 
station for draining the tunnel sections. The 
main platforms are covered with reinforced 
concrete slab roofs. borne on columns, which 
are shown in Fig. 7, and are provided with 
additional single-track bays. 

From this station, the Metropolitan 
railway runs parallel to the existing Rome- 
Lido railway. The Basilica 8S. Paolo station is 
situated on a low embankment. The roofed 


island platform is connected by means of * 


short stairs with the ground floor ticket hall 
accessible from a roadway beneath the under- 
bridge carrying the two railways. 

At Magliana, where the Metropolitan 
railway leaves the Rome-Lido railway, the 
station will be provided with two covered 
island platforms between the four running 
tracks, connected by means of stairs with a 
6m wide subway leading to the station building, 
which faces the “Zone E.42,” the former 
Exhibition ground. 

The terminus, Exhibition station, is unusual 
in that departure and arrival platforms have 
been arranged in sequence instead of facing 
each other, with a length of 197m of tunnel 
between them. Each of the two platforms is 
189m long, of which 63m are completely 
underground, while the remaining 126m are 
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open towards the Exhibition grounds. 1, 
width of each platform is. 14+60m, whic) 
together. with 840m width at track love! 
gives an overall station width of 23m. Ag yj) 
be -seen from Fig. 8, the reinforced ¢ 

slab roof-»with inset cement glass livhts, jg 
carried. ‘by reinforced concrete beams ; they 
are » in the closed section of the plat. 
forms, by two abutments in mass concrete ang 
by a single row of 2m by 1-60m concrete « olumns 
and, in. the open sections of the piatforn, 
overlooking the grounds, by a single autment 
and two rows of identical columns, The rejp. 
forced concrete beams covering the interinediate 
tunnel section between the two platfc-ms ay 
of 10m single-span and rest on the sic‘e walls 
on either side. In the middle of this jntey. 
mediate section is housed the signalling cabin 
controlling the in and outgoing traffic move. 
ments. 
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An Industrial Barrier Cream 
Demonstration 


Last week we attended a demonstration of 
some of the industrial barrier creams which are 
now being made by Innoxa Laboratories, of 
1, Eden Street, London, N.W.1. This company 
has now been engaged in the development of 
barrier creams for more than ten years and 
it now makes them to eight main formule 
for industrial workers. The creams are made in 
two forms, one of which is water soluble and the 
other water repellant. They are stated to 
afford protection to the skin in 95 per cent of 
the industrial hazards from the effects of such 
things as dirt, oils, tar, acids, alkalies, solvents, 
paints, &c. The creams, when applied to the 
skin, quickly dry to form a thin film, which does 
not easily become detached or rubbed off. They 
are quite innocuous and when applied to hands 
on which there are the abrasions and small cuts 
normal to’ the industrial worker, none of the 
protective effects of the creams are lost and they 
provide an added protection against the ingress 
of dirt. 

A particular point made in the course of the 
demonstrations was that the hands should be 
first washed thoroughly clean and dried before 
application of the cream. The first demonstra- 
tion was. with a barrier cream for dry, oily or 
greasy work, and after the cream had been 
applied powdered graphite was rubbed into the 
hands. On the hands then being washed in 
flowing tepid water all traces of the powder 
were removed without the use of any soap or 
other detergent. 

In a demonstration ;with ‘his hands treated 
with a water-repellant barrier cream, the 
demonstrator jmmersed his: hands in hydro- 
chlorie acid without any ill effects to the skin. 
After having washed his hands in a strong 
detergent he again immersed them in the acid 
and repeated the immersion some ten to fifteen 
minutes later. He then painted the palm of his 
hand with sulphuric acid, which,. when wiped 
off, left no signs of burns. 

These and other demonstrations, although 
spectacular and far more drastic than normally 
met with in industry, proved the effectiveness 
of the barrier creams. It should be recorded 
that in the course of the demonstration 4 
question arose as to the innocuousness of the 
creams and any effect that their presence on the 
hands might have on food eaten by a worker. 
This question was answered conclusively by the 
demonstrator, who proceeded to eat about a tea- 
spoonful of the first sample of water-repellant 
cream which came to, hand. 
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Experimental Rail Coaches on 
the Paris Metro 


Aw experimental railway coach built by the 
ie Autonome des Transports Parisiens is 
undergoing trials on the disused section of the 
paris Metro between Porte des Lilas and Pré 
gaint-Gervais. This coach, which is illustrated 
on this page, has two four-wheeled bogies of 
entirely new design fitted with pneumatic. 
tyred wheels on the outside of standard flanged 
steel wheels. These pneumatic wheels normally 





BOGIE OF EXPERIMENTAL COACH 


carry the weight of the coach and run on longi- 
tudinal paths at the outer sides of the steel 
rails. The flanged bogie wheels only register on 
the running rails when the tyres are deflated or 
when the coach runs on to ordinary lines not 
provided with the longitudinal paths. 

As can be seen from the illustration of one 
of the bogies, two pneumatic-tyred wheels 
carried on vertical axles are mounted on a 
support system at each end of the bogies. 
These wheels project beyond the sides of the 
traction wheels and they register on guide rails, 
laid parallel with and above the level of the road 
bed, outside the longitudinal paths. Thefguide 
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rails keep the bogies in alignment with their 
pneumatic wheels on the longitudinal paths 
and their flanged steel wheels over the main 
track rails. 

The new coach is 15m long and it is about half 
the weight of comparable vehicles in service on 
the Metro. It has two 130 h.p, traction motors 
suspended beneath the coach bodies, and drive 
from each motor is transmitted to the wheel 
axles through universal joints, cardan shafts 
and differentials of automobile design. At each 
bogie the body is connected by a rubber- 
mounted pivot, and a heavy coil spring is fitted 
on each side of the bogies for balancing pur- 

Four shock absorbers on each bogie are 
designed to reduce oscillation of the body whilst 
the coach is in motion. 





A Mobile Crane 


A new mobile crane of 2-3 tons capacity 
is now made for a wide range of industrial 
use by Chamberlain Industries, Ltd., Staffa 
Works, Leyton, London, E.10. This crane, 
with its wheelbase of just under 9ft and turning 
circle of 11ft 6in, is highly manceuvrable in 
confined spaces and it is simple and easy to 
operate. With the jib in the horizontal posi- 
tion, as shown in the 
accompanying illustra- 
tion, the machine has ee 
an overall height of , ? 
10ft 2in and it is 6ft 
wide. 

The crane is driven 
by a Newage/Austin, 
four-cylinder petrol 
engine, developing 15 
b.h.p. at the governed 
speed of 1800 r.p.m. 
This engine is mount- 
ed towards the rear of 
the fabricated _ steel 
chassis and is readily 
accessible for mainten- 
ance purposes by re- 
non of the side 
panels. Drive to the 
front wheels is trans- 
mitted through a 
single-plate clutch, a 
four-speed synchro- 
mesh gearbox and a 
driving axle incorporating a differential and 
double reduction gear unit. At the governed 
engine speed the crane can be driven at up to 
10 m.p.h. 

The pair of inset rear steering wheels are 
trunnion mounted and are turned by worm and 
segment gearing by a longitudinal shaft from 
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the steering column. These wheels can be 
turned through 150 degrees. 

The lattice jib of the crane has 11ft centres 
and is mounted on a rigid supporting member, 
built up of angle section and steel plates. 
With a single rope the crane is designed to 
lift from 1} tons at 10ft to 2 tons at 3ft, and 
by a rearrangement of the rope, 3 tons at 
2ft 6in, from the front bumper plate. Raising 
and lowering of the jib is effected by a hydraulic 
ram and this motion is controlled by means 
of a lever-operated valve, enclosed within a 
large oil reservoir. A hydraulic pump which 
feeds the ram unit is driven from the engine 
and, to protect the unit in the event of failure, 
a specially developed non-return valve is 
fitted. 

The machine has a hoisting. speed of 35ft 
per minute and its grooved rope drum carries 
65ft of gin diameter steel wire rope. This 
drum is driven from a fan-cooled, worm reduc- 
tion gear to which power is transmitted from 
the engine through a forward and reverse 
gearbox at the rear of the crane. This gearbox 
is connected directly to a hoist brake through 
which there is automatie engagement. Hoisting 
movements are controlled by a lever at the 
side of the driver’s seat. 

A substantial bumper plate at the front of 
the chassis, in addition to affording good pro- 
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tection to the pneumatic tyres, makes the 
machine suitable for pushing loads or other 
vehicles if required. The crane is of unit 
construction so that in the event of break- 
down or wear a complete sub-assembly can 
quickly be removed and replaced without need 
for dismantling associated units. 





Australian Government Policy 
on Airlines 


Towagps the end of the 1951 sittings of the 
Australian House of Representatives, the Prime 
Minister, Mr. R. G. Menzies, announced the 
Cabinet decision in favour of retaining Trans- 
Australia Airlines as a State-owned airline, 

His statement disposed of rumours that 
T.A.A. would be sold, or merged with its main 
private. competitor, Australian National Air- 
ways, Ltd. The Prime Minister declared, how- 
ever, that the Government would establish 
a basis of “‘ fair competition ” between Govern- 
ment and private airlines. 

Mr. Menzies stated that the Cabinet con- 
sidered its policy on civil aviation after a close | 
study of the existing financial circumstances of 
the two main commercial airlines in Australia— 
Australian National Airways Proprietary, Ltd., 
and the Australian National Airlines Com- 
mission, otherwise known as Trans-Australia 
Airlines. At the outset he wished to remind the 
House of the policy declaration on civil aviation 
which ‘appeared in the 1949 joint Opposition 
policy speech, on which the present Government 
had been returned to office. The relevant portions 
of that declaration stated that the Governmsnt 
airlines, which had been designed to be monopo- 
lies (and. failed to be so only because of a High 
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Court decision), would be put on to a true com- 
petitive basis, with no preferences either in 
cheap capital or dollar expenditure. 

Against this background, the Government 
had decided to attempt to secure the retention 
of the major airlines in competitive service to 
the Australian community. 

Mr. Menzies continued by saying that it was 
no part of the policy of the Government to 
foster either a Government monopoly or a 
private monopoly on the major air routes. 
Whenever a Government went into competition 
with private enterprise, its competition could 
easily become unfair and oppressive. It could 
make losses and survive. It could find capital 
—an important item in an industry in Which 
new types of aircraft were being steadily 
evolved and in which, therefore, the problem 
of re-equipment and modernisation assumed 
large financial proportions. If the Government 
competition succeeded, private enterprise gave 
way to a Government monopoly. Such a result 
should, Mr. Menzies continued, be avoided. 

The Government had therefore authorised a 
Cabinet committee to work out promptly ways 
and means of securing fair competition, having 
regard to such matters as mail and other 
Government traffic, air route charges, rational- 
isation of services, and charges made to the 
public ; and to discuss these matters with the 
airlines affected. 


- 


Alumina Production in Jamaica 


THE Jamaica alumina plant of Aluminium, 
Ltd., of Montreal, Canada, is to have its 
capacity increased from 180 metric tons to 
450 tons per day, and a further enlargement to 
670 metric tons per day is planned in the future. 
Some of the capital expenditure has been 
loaned by the Economic Co-operation Adminis- 
tration and repayment is being effected by 
aluminium shipments from Canada to the 
United States Government’s stockpile. 

To handle the export shipments a port will 
be created at Old Harbour Bay on the south 
coast of Jamaica, and an all-steel pier 600ft 
long by 88ft wide will be erected. There will 
be 32ft depth of water alongside the pier, and a 
channel 7000ft long by 400ft wide with a turning 
basin of 1200ft is to be dredged. Conveyor 
belts will transfer the alumina from railcars to 
two 10,000 tons capacity steel silos, from which 
eonveyors will carry the alumina to the pier 
and discharge direct into ships’ holds at a 
rate of 600 tons per hour. 

Production from the alumina plant will be 

sent mainly to the new aluminium smelter 
which is under construction for the Aluminium 
Company of Canada, Ltd., in British Columbia, 
and which has an initial annual capacity of 
83,000 metric tons of aluminium. Deep-sea 
“vessels will discharge the alumina direct to 
storages and potlines, which are situated about 
half a mile from the wharf. The first production 
of Jamaica alumina will commence towards the 
end of this year, and the enlarged plant is 
expected to be operating late in 1953, while 
the smelter in British Columbia will be ready 
to produce early in 1954. It is estimated that 
a saving of about 50 per cent in shipping costs 
will be effected by extracting the alumina from 
the bauxite at its source, instead of shipping 
the ore itself to a North American alumina 
plant. 

The new alumina plant is near Mandeville, 
in the south-central section of the island, and at 
present the structural steelwork and tanks 
have been erected together aith the calcining 
kiln, while water supplies, obtained by drilling 
wells, are stored in a million-gallon reservoir. 
To extract the alumina, the bauxite is crushed 
to a fine powder and digested in a hot solution 
of sodium hydroxide. The aluminium hydrate 
is dissolved out of the bauxite with the forma- 
tion of sodium aluminate, while the insoluble 
impurities, mainly iron oxide, silica and titania, 
are removed in filter presses. Treatment of the 
sodium aluminate solution precipitates pure 
alumina hydrate, from which pure alumina 
is obtained by calcination in oil-fired rotary 
kilns, where the combined water is driven off. 
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Continental Engineering News 
(By our Own Correspondent) 


New Swedish Ships 


The Swedish-American Line has now 
received from the Eriksberg shipyard two 
6170-ton cargo liners, M.S. “ Braeholm ” and 
M.S. “ Visbyholm.”” The vessels are built to 
Lloyd’s highest class with anti-ice strengthening 
devices and measure 400ft between perpendicu- 
lars with 57ft 8in beam and 23}ft draught. 
They are equipped with 30,000 cubic feet 
of refrigerated space. The third and last ship 
of this order, shortly to be delivered, is the 
M.S. “‘ Maltesholm,” of 7500 tons. The hold 
capacity of this ship is 447,000 cubic feet for 
general cargo and 31,000 cubic feet of re- 
frigerated space. 

The Gétaverken shipyard has delivered, 
among other ships, a large tanker of 23,360 
tons deadweight, the “ Margaret Onstad,”’ to 
Skibs A/S Alse, of Oslo, Norway. This ship 
has ten centre and twelve wing tanks, with a 
capacity totalling about 1 million cubic feet. 
The propelling machinery consists of a nine- 
cylinder, two-stroke, single-acting Gétaverken 
diesel engine, developing 10,000 h.p. Another 
tanker, the 17,270-ton “‘ Bellona,”’ is the fourth 
tanker to be built by the yard for the same 
owners, the A. O. Anderson Shipping Company 
A/S, Oslo. 


The Pintado Hydro-Electric Scheme, Spain 


A new hydro-electric scheme utilising 
the energy of the River Viar has recently been 
opened by General Franco. The dam is situated 
on the Viar, at the intersection of the river 
with the highway linking Cazalla de la Sierra 
with Real de la Jara (Province of Seville). 

The volume of retained water amounts to 
some 260 million cubic yards. The dam is a 
gravity structure and has a height of 280ft, 
with a crest length of 1160ft. About 460,000 
cubic yards of concrete were placed for the 
erection of the dam, a concreting plant with a 
daily capacity of 1300 cubic yards being 
installed. Welded steel penstocks were used 
for the scheme, their overall length amounting 
to 1210ft, the diameter varying from 5}ft to 
6}ft. The power-house will be equipped with 
two turbo-alternator sets, having a capacity 
of 17MW ; at present only one set is in service 
with a capacity of SMW. 

The Pintado scheme will be completed later 
by the erection of the Pavones power station, 
situated some 3 miles from the power station at 
Pintado. The Pavones scheme includes a dam 
69ft high, which will retain 1-8 million cubic 
yards of water; the installed capacity will be 
3-6MW and the annual output 18 million kWh. 
At present the Pintado scheme has an annual 
output of about 45 million kWh. 


A Large Cyclotron 


What is said to be the biggest cyclotron 
of its kind yet built, and which is intended for 
25 million electron volts, was put into service at 
the Research Institute for Experimental Physics 
in Stockholm during the autumn of 1951. In 
the course of preliminary tests deuterons with an 
energy of 21 million electron volts have been 
produced. This cyclotron, which has been built 
with grants from the Government, the Swedish 
Wallenberg Foundation and the Rockefeller 
Foundation, has a 400-ton magnet, designed 
and constructed. by the A.8.E.A. electrical 
works. The acceleration chamber between the 
poles of the magnet is made of Avesta stainless 
steel. Another Swedish-built unit is a big 
short-wave transmitter, which delivers the 
tension necessary for the acceleration. 

The head of the Research Institute for 
Experimental Physics is the Nobel prize winner, 
Professor Manne Siegbahn, who, in 1942, 
started the production of isotopes at the 
Institute by means of a cyclotron of 7,000,000V. 


a 


8.8. “‘ Ftanpre.”—The 8.8. “ Flandre,” which 
is completing at the Ateliers et Chantiers de France, 
Dunkerque, is expécted to make her maiden voyage 
on the New York service of the French Line on 
July 23rd. E 


Feb. 15, 1959 


French Engineering News 
(By our French Correspondent) 


The International Conference of High.Tep. 
sion Networks (CIGRE) will be held in Paris 
from May 28th till June 7th this year, The 
papers to be read will include the subjects of 
generation and transforming of powcr; the 
construction and maintenance of alternators. 
high tension switches; insulation m»terials. 
measuring apparatus; cables and corrosion. 
the construction of pylons; the construe. 
tion and study of high-tension lines unde, 
varying weather conditions; and control of 
high-tension lines. Other problem: to bp 
discussed at the conference are those eop. 
nected with networks of over 220kV and the 
transmission of high-tension direct current, 
Amongst the British papers is one by Lane and 
Gibbons on the 275kV system in Great /ritaip, 
Compared with 1950, the number of pa) ers hag 
been reduced, so as to leave more time available 
for discussion. 

* * * 

Following the ratification of the Schuman 
Plan, the building of a canal between Thion. 
ville and Coblence is now being examined. It 
is expected that other canals in’ the North-East 
will, in time, be built. The French Government 
has been asked to study a project for the build. 
ing of a network of canals in the area between 
France and Germany. 

* 


* * 


Moroccan economy may be considerably — 


modified through the opening of important coal 
deposits at Tafilalet. The coal is said to be rich 
and of excellent quality. As Morocco already 
possesses important iron ore reserves, it is 
thought that the country might‘very well pro. 
duce steel. The discovery of coal is said to be 
the most important event in the economic 
history of Morocco for the last fifty years. 
* * * 

The French Coal Board is to reorganise the 
mines in the South of France, which, with the 
mines in the Central Region, are responsible for 
27 per cent of French coal output. The seven- 
teen mines in the Midi are considered too dis- 
persed to be satisfactory, and plans are now 
going ahead to reduce the number to four, but 
they are being re-equipped for higher pro- 
duction. Similar rationalisation of methods 
is to be introduced at Cevennes and in Aqui- 
taine. The changes have also involved an 
important housing plan, as many miners will be 
forced to move. The effort, however, is con- 
sidered well worth while, for where such work 
has already been undertaken there has been a 
steady increase in coal production. 

* * * 

The Americans are to construct pipe-lines in 
Morocco to serve the American airfields which 
have recently been constructed there. The new 
airfields will have to be supplied from Case- 
blanca, and it is expected that eventually a 
network of pipe-lines at least 200km long will 
be built. 


The 


* * * 


port of Le Havre is to spend some 


’ £587,000 on modernisation. The installation of 


more electrical apparatus and machines for 
handling, and the electrification of machines 
already installed is envisaged. Certain docks 
will be deepened and one will be enlarged. New 
roads will be built. Further credits will be 
granted to improve the port buildings, to 
build new warehouses, and to increase the 
number of railway lines inside the port. 
* * * 

Considerable progress is being made in the 
organisation of a company for the construction 
of the Mont-Blanc tunnel. A final meeting will 
be held at the end of February when the statutes 
will be established, the works p e will 
be laid down, and the Franco-Italian Conven- 
tion signed. The new company will have its 
headquarters in Geneva and will be presided 
over, in turn, by a Swiss, an Italian and 4 
Frenchman. Once these measures have been 
taken, the land at each end of the proposed 
sunnel will be bought, and, it is stated, work will 
start. The French have raised the necessary 
funds by floating a National Road Loan. 
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Industrial and Labour Notes 


Engineering Exports 

The latest number of Bulletin for 
Industry, which is a monthly review of the eco- 
nomic situation prepared by the Treasury, con- 
tains some observations on the Government’s 
declared policy that the engineering industry’s 
exports must be increased. It points out that 
from 1949 to 1950 exports of engineering, pro- 
ducts increased 20 per cent by value, but that 
from 1950 to 1951 the increase was only 17 per 
cent. Export prices were rising much faster in 
the latter year, and the volume of exports 
therefore increased much less, by only about 
4 per cent in fact. 

Early last year it had been hoped that 
exports of consumer goods, such as textiles, 
might take the place of engineering exports. 
But, the Bulletin says, this has not happened, 
and the prospect now is that, speaking broadty, 
present market conditions are unfavourable to 
any dramatic increase in the export earnings of 
consumer goods. With capital goods, however, 
the nature of world demand is such that a 
greater volume could readily be sold. The engi- 
neering group, of course, provides a large pro- 
portion of this country’s capital goods exports. 
Engineering exports as a whole have gained, in 
the last five years, just on 40 per cent of 
Britain’s export earnings. The percentage rose 
from 39 in 1948 to 40 in 1949 and fell again to 
39 in 1951. About half the exports of the engi- 
neering group go to the sterling area, the pro- 
portion being the same for total exports. 

The Bulletin adds that the demand for engi- 
neering exports is not uniformly high, and that 
some sectors of the engineering industries are 
already faced with severe competition in some 
markets, particularly from Germany and 
Japan. Others must rely on substantial price 
margins in their favour to offset the effect of 
long delivery dates. But, by and large, it is 
asserted, capital goods exports are not held 
back by market conditions and selling possi- 
bilities. To do away with Britain’s deficit, the 
Bulletin observes, exports must be expanded 
and the Government’s policy is that engineering 
exports must be increased. It goes on to suggest 
that the supplies of steel in prospect from the 
U.S.A. and the intention to curb home invest- 
ment will both help to that end. 

Training and Productivity 

During the last week or so, the Trades 
Union Congress has stated that it supports the 
Ministry of Labour in the moves “ to encourage 
the most effective use of the precious skill of 
Britain’s working men and women.” The 
current issue of Labour, the T.U.C. journal, says 
that the publication of the terms of the Notifica- 
tion of Vacancies Order has dispelled the 
rumours that direction of labour was to be 
introduced again and that men in key industries 
were to be tied to their jobs. No such sugges- 
tions, the T.U.C. says, got so much as a casual 
mention in the consultations with both sides of 
industry which preceded the making of the 
Order. What is clear, the T.U.C. continues, is 
that the people of this country will not be safe 
from attack or protected against the hazards of 


the world’s economic weather if they allow their . 


skills to go to waste instead of being employed 
to the nation’s advantage. But apart from 
what may be fairly done to entice a few 
thousand more women and elderly workers into 
paid js, the limit has been reached in mobi- 
lising for industry. What matters now, the 
T.U.C, declares, is where people work and how 
they work. 

_ The T.U.C. goes on from there to suggest that 
if the numbers of the nation’s workers cannot be 
raised, the level of their skill can be raised by 
increased attention to training, supervision and 
the productivity techniques. It is agreed that 
there are few new ideas to be gathered. What 
1s wanted is the initiative to start using on a big 
scale the knowledge that industry already 
possesses. Industry’s own training schemes for 
instance, have been given a fair trial and have 
proved to be economical in time and money in 


raising the competence and, in turn, the earn- 
ings of many workers. Trade unions, the 
T.U.C. urges, will do valuable service to their 
country by joining with employers’ associations 
in taking a fresh look at the possibilities of 
increasing the scope of such schemes in the 
industries in which their members earn a living. 
By the same processes of consultation, it is 

» most industries could alse benefit 
themselves and the nation by drawing on the 
stimulating stock of suggestions gathered 
together by the fifty or more productivity teams 
which have crossed the Atlantic in the past few 


years. The T.U.C. thinks there is room for the © 


setting up of an all-British body to carry on the 
work of giving an impetus to productivity. 
Meanwhile, it says, there is much to be done in 
meking practical use of the many modern pro- 
duction methods that lead to higher output 
from less physical effort.’ The task now is, the 
T.U.C. emphasises, to see that everybody 
everywhere in this country is working without 
waste of energy, time and skill. 


Iron and Steel Production 


Production of steel ingots and castings 
in this country during January averaged 
293,000 tons a week, and was thus at an annual 
rate of 15,234,000 tons, compared with an 
annual rate of 15,907,000 tons in January last 
year. Pig iron output continued to increase 
during January and averaged 198,500 tons a 
week, which represented an annual rate of 
10,319,000 tons. In January, 1951, pig iron 
production was at an annual rate of 9,520,000 
tons. 


Railway Shopmen’s Wage Claim 

At the end of last week it was stated 
that the executive committee of the National 
Union of Railwaymen had asked the Minister 
of Labour to intervene in a difference which has 
arisen concerning an offer by the Railway 
Executive to increase railway shopmen’s wages 
by about 8 per cent. Approximately 120,000 
railway shopmen are involved, 85,000 of them 
being directly represented by the National 
Union of Railwaymen. The remainder are 
represented by the Confederation of Shipbuild- 
ing and Engineering Unions. The N.U.R., it 
appears, is ready to accept the Railway Execu- 
tive’s offer of an 8 per cent increase—which was 
made to all railwaymen—but the Confederation 
is anxious to press for lls. a week, the same 
amount as granted to engineering workers 
generally in November. 

The National Union of Railwaymen has made 
some pointed comment on the situation in its 
official journal, The Railway Review. It sug- 
gests that the most elementary issue is whether 
or not the bulk of the railway shopmen accept 
or reject the offer, and argues that the only way 
to ascertain that view is “to give them the 
opportunity of expression on the matter.” By 
intimate contact, it is claimed, the N.U.R. has 
found that at least 95 per cent of the men con- 
cerned desire the offer to be accepted and 
applied. It is therefore urged by the N.U.R. 
that if the Railway Executive applied the pro- 
posed increases, ‘‘ despite the official opposi- 
tion,” such a step would be welcomed by the 
men in the railway shops and sheds. There is, 
the N.U.R. continues, a high feeling through 
‘*a@ state of mind of frustration and confusion 
caused by the interminable delay in reaching a 
settlement, and the apparent unconcern and 
disregard for realities of the position by those 
who represent a minority of members in the 
railway shops.” 


The Turn-Round of Shipping 

The Association of British Chambers 
of Commerce has this week expressed to Lord 
Leathers, Secretary of State for the Co-ordina- 
tion of Transport, Fuel and Power, its growing 
concern about the serious difficulties still being 
encountered over the extremely slow turn-round 
of shipping in United Kingdom ports. In a 
memorandum to Lord Leathers, the Association 


has emphasised that this situation is severely 
hampering the nation’s efforts to correct the 
present financial and economic situation. 

The memorandum also stresses the need to 
pursue more vigorously every method for 
improving the turn-round of shipping, and 
directs attention to the added urgency of the 
problem in the light of the statement made 
recently by the Chancellor of the Exchequer. 
No other single factor, the Association says, so 
seriously prejudices the nation’s position as a 
world trading power as the growing costs and 
deterioration in service caused by the present 
shipping situation in United Kingdom ports. 
Any contribution to the national benefit 
obtained through increased productivity, the 
memorandum claims, would be vitiated entirely 
by a continuation of the present shipping 
situation. 

In a reference to the labour position in this 
country’s docks and ports, the Association 
expresses its conviction that honest and harder 
work, coupled with the fullest and proper use 
of up-to-date handling equipment, would in 
the end mean higher wages and enhanced 
security of employment. The Association 
therefore calls for the elimination of restrictive 
practices and malpractices as an essential con- 
tribution to the nation’s endeavours to retain 
its position in the face of growing competition 
in world markets. Moreover, it submits that a 
perpetuation of the existing position would 
mean the eclipse of British pre-eminence in 
shipping and in world trade. 

Finally, the Association of British Chambers 
of Commerce urges that renewed efforts should 
be made to give effect to many of the more 
immediately practicable recommendations 
which were made by the Working Party on the 
Turn-Round of Shipping in 1948. Its memo- 
randum calls for a sense of’ greater urgency on 
the part of all port and dock interests in facing 
turn-round of shipping difficulties. 


Human Relations in Industry 

The Ministry of Labour has announced 
its intention to hold a conference in London on 
March 18th, 19th and 20th, on “‘ Human Rela- 
tions in Industry.’” The purpose of the con- 
ference is to discuss ways and means of securing 
the greatest efficiency in the use of the country’s 
manpower. The subjects to be covered include 
the employment of elderly people and part-time 
women workers, helping workpeople to make the 
best use of their capacities, the physical wastage 
of manpower, and co-operation between manage- 
ments and workpeople. The conference is to 
be opened by the Minister of Labour, Sir 
Walter Monckton, Q.C., and Sir Godfrey Ince, 
Permanent Secretary to the Ministry, will 
preside. The conference will take place in 
the hall of the Institution of Civil Engineers, 
Great George Street, Westminster, S.W.1. 


Time Rates of Wages and Hours of Labour 
A new edition of the volume entitled 
Time Rates of Wages and Hours of Labour, 
lst October, 1951, compiled by the Ministry of 
Labour, has been published by H.M. Stationery 
Office (price 6s. 6d. net). It is the sixth annual 
edition of a volume which shows, in its main 
tables, for the more important industries and 
occupations, the minimum or standard time 
rates of wages of wage-earners as fixed by volun- 
tary agreements made between organisations 
of employers and workpeople, by Joint Indus- 
trial Councils and similar bodies, or by statu- 
tory orders under the Wages Councils and 
other acts. In addition to time rates of wages, 
particulars are given of the normal working 
hours and, where available, the basic rates 
for pieceworkers and the additional rates 
payable to shift workers and night workers 
and the arrangements, where they exist, for a 
guaranteed weekly wage. The volume also 
contains the rates of wages for juveniles in a 
selection of industries, overtime rates of pay, 
and the arrangements for paid holidays in the 
principal industries. 
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Notes and Memoranda 


Rail and Road 


Last or aN L.Y.R. Encrnz Ciass.—The London 
Midland Region of British Railways says that the 
withdrawal of locomotive No. 52857 brings to an 
end, not only the “31” class, but the former 
Lancashire and Yorkshire Railway 0-8-0 freight 
engines as a whole. Class “31” was the final 
development of L.Y.R. 0-8-0 freight tender engines. 
They were designed by the late Mr. George 
Hughes and built at Horwich works, the first. one 
appearing in 1912. There were 155 engines in this 
class, 115 being new engines and the remainder con- 
versions of forty of the non-superheated class “ 30” 
to superheated engines. These engines spent 

ractically the whole of their working life on the 

-Y.R. and were capable of hauling heavy loads of 
mineral traffic over the severe gradients of the 
Pennines. No. 52857 spent its last days working 
from Wigan depot. 


Air and Water 


LyMpNE Arrport.—Lympne Airport, the third 
busiest aerodrome in the United Kingdom and base 
for the Silver City Airways, Ltd., trans-Channel 
air ferry, is again available for use. For the past 
five weeks it has been rendered useless because of 
its waterlogged condition. Silver City Airways, 
Ltd., which last year paid nearly £20,000 in landing 
fees to the Ministry of Civil Aviation, is pressing 
for improvements. 

Surp’s Davrrs.—A gravity luffing davit designed 
for lifeboats of over 4 tons and for lifeboats of 
less weight which require to be launched more 

uickly than possible by mechanically operated 
avits, has been produced by Mechans, Ltd. A 
mechanically operated davit has also been 
i by the company for lifeboats weighing 
less than 4 tons when fully equipped and manned. 


Fre TENDERS FLown To Ecypr.—During the 
first week-end in February, three large fire tenders 
were flown from Blackbushe to Cairo. A request 
was received from the British Foreign Office at 
3 p.m. on February Ist and by noon on February 
2nd all three tenders had arrived at Blackbushe, had 
been loaded aboard a Bristol “‘ Freighter ” aircraft, 
and were airborne. The aircraft, which was operated 
by Silver City Airways, Ltd., flew through the night 
to reach Cairo without delay and returned to 
England on February 5th. 


Emicrant Sarr, “ Capratn Coox.”—Last week 
the emigrant ship, “‘ Captain Cook,” sailed from 
Glasgow for Wellington, New Zealand. The 
vessel was built in 1925 by the Fairfield Shipbuild- 
ing and Engineering Company, Ltd., as the Anchor 
Donaldson liner “ Letitia,” and served on the North 
Atlantic run. After war service the ship was used 
for the repatriation of the families of Canadian 
servicemen and then taken over by the Ministry 
of Transport and renamed “Empire Brent.” 
Following a period of trooping, the ship was 
engaged in the emigrant service to Australia and 
then made available to the New Zealand Govern- 
ment for its immigration scheme. The conversion 
work for her new service has been carried out by 
Barclay Curle and Co., Ltd., at a cost of £750,000 
and accommodation has been provided for 1088 
passengers. 

Surprinc MovemMents.—The tonnage statistics 
published in the Board of Trade Journal indicate 
a considerable increase in the amount of shipping 
using the ports in the United Kingdom in 1951. 
The total was 156,740,000 net tons, as 
compared with 143,456,000 net tons in 1950. It 
included 78,263,000 net tons of vessels which 
entered with cargo and in ballast, representing a 
10 per cent increase over the previous year, and 
78,477,000 net tons of tonnage cleared, representing 
a 9percent increase. The totals were the highest 
since the war, but were considerably less than for 
the years 1937 and 1938. Vessels, in the foreign 
trade, which entered, amounted to 63,580,000 net 
tons, this total being 104 per cent more than 1950 
and 93 per cent of the 1938 total. Clearances with 
cargo, at 43,560,000 net tons, were a reduction of 4 
per cent on 1950 and represented 74 per cent of the 
returns for 1938. The tonnage of ships cleared was 
only 69 per cent of those entered as compared 
with 79 per cent achieved in 1950 and 87 per cent 
in 1937. Of the total entrances, 42 per cent was 
foreign tonnage, a 5 per cent increase over the 
previous year, while of the clearances 30 per cent 
was foreign, the same proportion as for 1950. 
Regarding ships in ballast the net tonnage of 
entrances amounted to 14,680,000 tons, while the 
clearances totalled 34,920,000 tons, figures which 
represented increases of 7 per cent and 29 per cent 
respectively over the 1950 returns. 


Miscellanea 

Domestic Mica.—The United States Bureau of 
Mines has issued a report surveying the production 
and use of domestic mica. It includes statistics 
on American mica output and consumption, noting 
that from 70 to 85 per cent of the annual require- 
ments of sheet mica is imported, principally from 
India. The report is available from the U.S. 
~~ of Mines, 4800, Forbes Street, Pittsburgh, 
13, Pa. 

‘AMERICAN Coat Contracts.—The Minister of 
Fuel and Power stated recently in a Parliamentary 
reply that, from November 1, 1951, up to the end of 
the third week in January, the National Coal Board 
had purchased 460,000 tons of American coal, 
which was all but 40,000 tons of the authorised 
programme. So far, the Minister added, 102,500 
tons had arrived in this country and contracts for 
190,000 tons had been cancelled. 

Om SEearcu.—The D’Arcy Exploration Company 
intends to resume drilling near Ainsdale-on-Sea, 
Southport, Lancashire, at a site 2 miles further 
south of the test well, where drilling was stopped at 
4300ft. In its search for oil the co y has 
discovered other mineral wealth, including deep 
seams of coal to the north and south of Lincoln and 
to the east of Nottingham, and the prospect of 
new coalfields between Bath and the Thames 
Estuary, and between South London and Tonbridge. 


NationaL SMOKE ABATEMENT Socrery.—The 
National Smoke Abatement Society, Chandos 
House, Buckingham Gate, London, 8.W.1, has 
published in booklet form the proceedings of its 
1951 conference at Blackpool. The booklet con- 
tains the Des Voeux memorial lecture by Dr. J. 
Bronowski on “‘ Power and Waste in Their Social 
Setting,” the presidential address by Dame Vera 
Laughton Mathews, and thirteen papers presented 
at the conference. The price of the booklet is 
7s. 6d. 


Lonpon Master Bvuripers’ AssocriaTIon.— 
At a luncheon held recently by the London Master 
Builders’ Association, the new president of the 
Association, Mr. D. E. Woodbine Parish, and 
members of the committee, discussed with repre- 
sentatives of the technical and trade Press the 
problems which the Association has to face, and its 
policy towards them. Of the many points dis- 
cussed, the importance was stressed of an adequate 
intake of apprentices into the industry, of a standard 
form of contract, and of incentive schemes. 


Liquip Fuvre.ts.—The Northampton Polytechnic, 
of St. John Street, London, E.C.1, announces that 
a course of eight evening lectures on “ Liquid 
Fuels, their Properties and Utilisation,’’ will be 
delivered by Mr. G. F. J. Murray, B.Sc., on Tuesday 
evenings, at 7 p.m., commencing on February 26th. 
The course will survey present-day knowledge and 
stress the standpoint of the user of liquid fuels, and 
will be of value to those preparing for examinations 
of the Institute of Fuel andthe Institution of 
Metallurgists. The fee for the course is £1. 


Fria on ConsTRUCTIONAL EQUIPMENT.—We have 
received from Frederick Parker, Ltd., Viaduct 
Works, Catherine Street, Leicester, particulars of a 
documen' film which it has produced entitled 
“ Constructional Equipment.” It is a 16mm film 
showing the firm’s works and the manufacture of 
different kinds of constructional engineering plant 
and the same plant in operation in a variety of 
quarrying, road-making and other civil engineering 
undertakings. The running time of the film is 
forty-five minutes. It is available, free of charge, 
to all interested firms and associations. 


Expiosions IN Om Drvums.—The Factory 
Department of the Ministry of Labour has pub- 
lished a report of an investigation into the explosion 
risk which arises when welding is carried out on 
drums or tanks which have contained inflammable 
liquid with a flash point above normal atmospheric 
temperature. The experiments show that explosions 
are to be expected due to decomposition of the oil 
or the formation of oil mists and that precautions 
are necessary for both high and low flash point 
liquid containers. Copies of the Report on Explo- 
sions in Oil Drums and Tanks are obtainable from 
H.M. Stationery Office or any bookseller, price 6d. 


Speciat Gas TurBINE Courses.—The School of 
Gas Turbine Technology is holding three detailed 
and highly specialised courses this summer. 
Normally, courses held at the School cover the 
overall picture of the design of gas turbines as 
comprehensively as possible in the space of three 
weeks. Three ial courses, however, have been 
arranged, each of which will take one component 
and devote a whole week to dealing with it in detail. 
These special courses are primarily intended for 


those already engaged in design work. The first 
course, from June 30th to July 4th, will deal with 
the theory and design of compressors ; tho sec 
from July 7th to 11th, with the combustion anq 
with the design of heat exchangers, and the thir 
from July 14th to the 18th, with the theory anq 
design of turbines. Other courses arranged for the 
remainder of 1952 are as follows :—Practical Aero. 
Engine Course (two weeks), February 25th to 
March 7th; International Course on Aero and 
Industrial Gas Turbines (three weeks), March 17¢) 
to me 4th ; Design and Applications of Industria) 
Gas Turbines (three weeks), April 15th to May 2nd. 
Aero-Engine Design (three weeks), May 12th i 
30th ; Practical Aero-Engine Course (two weeks) 
June 9th to 20th; Aero-Engine Design (thre 
weeks), August 11th to 29th ; International Cours 
on Aero and Industrial Gas Turbines (thre: weeks), 
September 8th to 26th; Practical Aero-Engj 
Course (two weeks), October 6th to 17th; Design 
and Applications of Industrial Gas Turbines (three 
weeks), October 27th to November l4th; Aero. 
Engine Design (three weeks), November 24th to 
December 12th. 

Wuote-Hovse Heartinc.—As a result of g 
mission from this country to North America during 
the winter of 1944-45, arrangements were made to 
build in this country a number of demonstration 
“‘ open-plan” houses, in which hall, living space 
and dining space form a single room. The heat- 
ing was to be either by hot-water radiators or 
by warm air from a gas or coal-fired furnace. The 
houses were duly erected and exhaustive tests have 
been made to compare them with conventionally 
heated houses in respect of temperature levels, fuel 
consumption and running costs. The test results are 
given, and the applicability of whole-house heating 
in this country discussed, in a paper to the Institute 
of Fuel by Mr. F. C. Lant and Dr. J. C. Weston, 
which will be presented on Tuesday, February 19th, 


Personal and Business 


Hoover, Ltd., announces the appointment of 
Mr. B. H. Dyson as general works manager of its 
four main factories. 

Mr. J. L. Turner, B.Sc., has been appointed 
technical adviser to Leadbeater and Scott, Lid., 
National Steel Works, Sheffield. 

THe Davip Brown Group oF CoMPANiEs, 
Meltham, Huddersfield, announces the appointment 
of Mr. R. Dean Roberts as director of personnel. 


Brooks AND WaLker, Ltd., 41, Dockhead, 
London, 8.E.1, has been appointed sole distributor 
of the ‘‘ Reynard ” adjustable limit caliper gauge. 


Tue Unirep STEEL Companies, Ltd., announce 
that Mr. C. E. Edwards, commercial manager of 
the Appleby-Frodingham branch, has _ been 
appointed a director of the Appleby-Frodingham 
Steel Company. 

Tue Sovurs-Eastern' ELeEctriciry Boarp 
announces the appointment of Mr. E. H. Skinner, 
M.I.E.E., as deputy engineer-in-chief. He is at 
present manager of the Brighton and Hove district, 
and in his new appointment succeeds Mr. W. E. 
Gibbs who has become the Board’s engineer-in-chief. 

MatrHew Hatt anv Co., Ltd., 26-28, Dorset 
Square, London, N.W.1, states that Mr. J. Tomp- 
kins has joined Matthew Hall (Pty.), Ltd., as 
branch manager of the new office and factory at 
Durban, South Africa. Mr. P. Corbin has trans- 
ferred to the same company as chief purchasing 
officer at Johannesburg. 


Contracts 


LEYLAND Morors, Ltd., announces that a further 
contract worth £2,000,000 has been placed by the 
Ministry of Supply for heavy-duty six-wheeled 
** Hippo ”’ chassis. 

Lonpon Transport ExeEcuTIvE has recently 
ordered a further fifty double-deck trolleybus 
chassis from British United Traction, Ltd., similar 
in most respects to the seventy-seven supplied by 
it in 1948. These seventy-seven were the first 8ft 
wide trolleybuses to be operated in the London 
area, and the first two made their début on the 
Hampton Court-Wimbledon station route. The elec- 
trical equipment and bodywork will be made by the 
English Electric Company, Ltd., and Metropolitan 
Cammell Weymann Motor Bodies, Ltd., respectively. 
The traction motors will be supplied by the Metro- 
politan-Vickers Electrical Company, Ltd., and it 18 
understood that the resistances will be B.T.H. 
“R.P.” design. The first ten of an order for 
twenty-seven similar, but left-hand controlled, 
trolleybuses have recently been put in service by 
Barcelona Tramways (Spain). 
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Pina date of publication of the complete specification. 
Copies 9 may be obtained at the Patent 
Sales Branch, 15, Southampton Buildings, Chancery 
Oe, W.C.2, 28. each. 


SHAFT BEARINGS 


April 14, 1949.—Srcurine a Batt Brar- 
mo TO A SHEET MeTaL Watt, Franz Claas, 
Theo Claas and August Claas, trading as 
Maschinenfabrik Gebriider Claas, Harsewinkel, 
Westphalia, Germany. 

The invention relates to a ball bearing housing 
and is based on the use of a “ cone-key ”’ bearing. 
It is particularly suited for fitting into light sheet 
metal walls. The drawing shows a ball bearing A, 
which is mounted into an accurately bored hole in a 
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sheet metal wall B. The inner race of the bearing 
is conically sha on the inner side and is bolted 
on a cone-key F fastened to a shaft HZ. Tightening 
of the conical inner race of the ball bearing is 
eflected by means of a cone-key nut G. On both 
sides of the ball bearing and of the sheet metal wall 
are two light dust covers C and D which house 
felt rings. Teeth are provided for fixing a key in 
position on the cone-key nut.—January 16, 1952. 


CIVIL ENGINEERING 


664,973. August 3, 1949.—GraB Buckets, Société 
Frangaise de Construction de Bennes Auto- 
matiques, 57, Avenue Kléber, Paris. 

The bucket described is designed to increase the 
number of circumferential points on which the 
ground is attacked to facilitate the disintegrating 
of hard grounds and, with crumbly soils, to make the 
shells penetrate deeper and increase the amount 

- In the drawings A is the body on 

which the movable shells B are hinged on spindles C, 

the movement of the shells being controlled by 
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means of a cable D hooked on a central 
star-shaped member 2H. This member carries 
Spindles F <r in elongated slots in 
lugs on the shells. On pulling of the central 
member by the cable the shells take the position 
shown in chain-dotted lines. Secured to the body A 
and between the shells are stationary spades G, the 
ends of which may have a tra idal or triangular 
shape. In order not to interfere with the upward 
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closing movement of the shells and not to prevent 
them from removing the crumbled ground which 
has been grasped by them, the spades G must have 
a height less than that of shells. Experience shows 
that to obtain a good result the horizontal plane 
passing through the lower extremities of the spades 
as shown, must be clearly above the plane /J-JI, 
corresponding to the lower extremities of shells in 
the closed position. With the arrangement shown, 
at the moment when the brab bucket comes into 
contact with the ground, penetrateing into 
it by the action of the swinging shells B, the spades 
G also engage in the spaces between the shells 
and cause clefts and cracks, thus ensuring the dis- 
integration of the ground on the whole periphery of 
the grab bucket.—January 16, 1952. 


MACHINE TOOLS 


664,834: September 14, 1948.—MacHiInEs FOR 
FINISHING THE TEETH OF GEAR WHEELS, David 
Brown Machine Tools, Ltd., Britannia Works, 
Sherborne Street, Manchester, 3. (Inventor : 
William Alfred Tuplin.) 

The invention relates to machines for finishing 
the teeth of gear wheels by running in mesh with a 
rotary finishing tool or cutter in the form of a gear 
wheel. It provides means for giving intermittent 
“* in-feed ” between the cutting tool and the gear 
being 2. apg upon, in order that the finished teeth 
ma gradually reduced to the desired 
dimensions. As shown in the drawing, a part A, 
which can be moved longitudinally at the end of 
each reciprocating movement of a tool carriage or 
saddle B, is connected by links C to the respective 
ends of pivoted levers D, one carrying a push pawl E 
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and the other a pull pawl F giving partial rotation to 
a ratchet wheel G. At the end of the reciprocatory 
movement of the carriage or saddle in each direction 
the ratchet wheel is given a partial rotation, and the 
desired relative in-feed between the cutting tool and 
the work is effected. An angularly adjustable mask- 
ing plate or plates H may be provided to determine 
the portion of their movements during which the 

tive pawls are operative to give rotation to 
the rachet wheel at each actuation. If desired, the 
carriage or saddle B, instead of acting directly upon 
the part A, may do so through the medium of a 
rotary member co-ordinated in its rotation to the 
relative reciprocations of the tool and workpiece 
and carrying two angularly spaced strikers.— 
January 16, 1952. 


INTERNAL COMBUSTION ENGINES 


664,419. January 13, 1949.—InsEecTION Pumps 
FOR INTERNAL ComBuSTION Enarnzs, C.A.V., 
Ltd., of Warple Way, Acton, London, W.3. 
(Inventor: Wilfrid Edward Walter Nicolls.) 

The invention consists in the provision, in addition 
to the main inlet port or ports, of a restricted 
supplementary inlet port arranged to be partially 
closed by an associated plunger while it is closing 
the main ports. Referring to the drawings, the 
greater part of the pump shown is of known con- 
struction. In the pump the barrel is provided with 
two main ports A, which open into an annular feed 
chamber B in the body, the chamber being supplied 
with fuel oil by a pipe connected to an inlet Cc. 

According to the invention there is provided in the 

barrel a small supplementary inlet port D, which is 
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disposed as shown, relative to the main ports, so 
that it can be closed by the plunger after it has 
moved thro a distance of 0-25mm to 
0-5mm beyond the position in which it has closed 
the main ports. Also the cross section of the 
supplementary port is such that it can serve as a 
throttle for suitably restricting the rate of flow of 
liquid through it. Further, the port D is so arranged 
that it is partially closed by the plunger whilst it is 
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closing the main port or ports. The arrangement is 
such that when the pump is working slowly dis- 
charge through the spring-loaded delivery valve £, 
and hence at the injection nozzle in the engine, will 
not commence until after both ports A and D have 
been closed. But with increasing speed of the pump 
the instant of discharge will be Pp nagamaoend 
advanced owing to the resistance of the supple- 
mentary port D to flow through it from the pump 
barrel. By the design described it is claimed that 
the automatic advancing of the instant of fuel 
injection with. increasing engine can be 
effected in a very simple and satisfactory way.— 
January 9, 1952. 


665,176. May 16, 1949.—InTERNAL CoMBUSTION 
EnciInE Poppet Vatves, The Austin Motor 
Company, Ltd., Longbridge Works, Northfield, 
Birmingham; and Frank Eades Lindsay, of 
the company’s address. 

The valve described has a cavity A which is 
sealed at its upper end by a plug B and extends 
through the stem almost to the tappet end. A 
displacement member C in the form of a metal rod 
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with rounded ends is housed in the valve stem 
cavity. It is shorter than the cavity and there is an 
all-round clearance between it and the cavity wall. 
The remainder of the space within the valve stem 
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is filled with a fluid or liquid cooling medium. The 
valve stem works in the usual tubular guide, which 


is cooled by the surrounding water jacket. As a 


valve is reciprocated at speed the 

member moves freely in the cavity ; but, owing rm 
the inertia effect, lags behind the valve movement 
and thereby di the cooling medium from one 
end of the cavity to the other. In passing through 
the narrow clearance the cooling medium has a 
considerable relative velocity, which gives very 
good conditions for heat transfer. This heat 
transfer is considerably increased by the movement 
between the cooling medium and the internal 
surface of the valve stem, which dissipates heat to 
the valve guide and the water in the jacket. Ina 


modification employing air cooling, instead of 


water cooling, the lower end of the valve stem may 
be formed with fins for dissipating the heat trans- 
ferred through it from the upper or head end by the 
displaced cooling medium in the valve stem cavity. 
—January 16, 1952. 
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Forthcoming Engagements 

Secretaries of Institutions, Societies, dc., desirous of 
having notices of meetings inserted in this column, are 
requested to note that, in order to make sure of their insertion, 
the necessary information should reach this office on, or 
before, the morning of the Monday of the week preceding 
the meetings. In all cases the TIME and PLACE at which 
the meeting is to be held should be clearly stated. 


Association of Supervising Electrical Engineers 
Tues., Feb. 19th.—Lighting Service Bureau, 2, Savoy 
Hill, London, W.C.2, “‘ Scope and Application of Metal 
Rectifiers, ” Donald Ashby, 6.30 p.m. 
Wed., Feb. 20th.—Coventry Brancu: Technical 
College, Coventry, “Problems of Large Store Elec- 
trical Equipment,” A. W. Jervis, 7.15 -p.m.—— 
MancHEsTeR Brancu: Engineers’ Club, Albert 
Square, Manchester, “Cold Cathode Lighting, oe FE 
Smythe, 7.30 p.m.—S. Wates Brancu: Afternoon 
Tour of "Atlas *” Lamp Works, Merthyr Tydfil ; 
Business Meeting at the Central Y.M.C.A., Cardiff, 
6.30 p.m. 
British Institution of Radio Engi 
Wed., Feb. 20th.—Lonpow Section: School of Hygiene 
and ical Medicine, Keppel Street, Gower Street, 


W.C.1, “* Search Radar for Civil Aircraft,” P. L. Stride, 
6.30 p.m. 


Iluminating Engineering Society. 

Mon., Feb. 18th.—SuEFFIELD CENTRE: The University, 
Western Bank, Sheffield, “Electric Lighting: A 
Contractor’s Viewpoint, ” J, Ashmore, 6.30 p.m. 

Wed., Feb. 20th.—Tzxs-stipe Group: Cleveland 
Scientific and Technical Institution, eg Road, 


Middlesbrough, ** Hospital Lighting,” ._K Frisby, 
6.30 p.m. 
Thurs. “A Feb. 2lst.—GLoUCESTER AND CHELTENHAM 


Centre: Cadena Cafe, High Street, Cheltenham, 
“* Lighting of the New House of Commons,” C. Dykes 
Brown, 6.15 p.m Braprorp Group: Yorkshire 
Electricity Board, 45-53, Sunbridge Road, Bradford, 
*““ School of Lighting,” J. F. Roper, 7.30 p.m. 


Incorporated Plant Engineers 

Tues., Feb. 19th—Gtascow Branco: Engineering 
Centre, 351, Sauchiehall Street, Glasgow, “ General 
Furnace Design and Operation,” Messrs. Cowan and 
Little, 7 p.m. 

Wed., Feb. 20th.—WesTERN Brancu : Electricity House, 
Colston Avenue, Bristol, Film and Lecture on ‘“‘ The 
Manufacture of Glass and its Applications,” 7.15 p.m. 

Thurs., Feb. 2i1st.—S. Yorxs Brancu: Grand Hotel, 
Sheffield, “‘ Steel-Making from the Plant Engineer’s 
Viewpoint,” F. Hinsley, 7.30 p.m.—LiIvERPOOL 
AND {. WALES Brancx: Radiant House, Bold Street 
Liverpool, “* Refrigeration,” W. F. Ball, 7.15 p.m. 

Institute of Fuel 

Tues., Feb. 19th.—Institution of Mechanical Engineers, 

Storey’s Gate, St. James’s Park, London, 8.W.1, 


*“* An Investigation of Whole-House Heating,” F. C. 
Lant and J. C. Weston, 5.30 p.m. 


Institute of Industrial Supervisors 

Wed., Feb. 20th.—Bristot Section: Wallington 
Weston, Ltd., Frome, ‘‘ Shop Control Information to 
Supervision,” F. A. Callaby, 7.30 p.m.——S.E. 
Lonpon Section: The Polytechnic, Woolwich, 
“The Cost Department and Shop Supervision,” J. L. 
Hilton, 6.30 p.m. 

Thurs., Feb. 2ist.—Brrmincuam Section: Chamber of 
Commerce, New ay Birmipgham, “‘ Mass and 
Flow Line Production,” F. G. Woollard, 7.30 p.m. 


Institute of Navigation 
To-day, Feb. 15th.—Royal phical Society, 1, Ken- 
sington Gore, London, 8.W.7, “ Navigation ‘Aids for 
Military Aircraft,” D. ‘Bower, 5 p.m, 


Institute of Road Transport Engineers 

Tues., Feb. 19th.—MIDLANDS CENTRE : Crown Inn, 
Broad Street, Birmin am, ‘‘Modern Body Design 
and Construction,” J. MeIndoe, 7.30 p.m. 

Wed., Feb. 20th.—N.W. Centre : Victoria Hotel, Wigan 

* Pistons, Rings and Cylinder Liners,” G. W. Yarwood 

7.30 p 

Ti hee "Feb. 2lst.—N.E. Centre: Hotel Metropole, 
Leeds, “Scammell Products for Road Loeag tui a 
L. D. = 7.30 p.m.——Lonpon CENTRE 
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+ amen of Arts, John Adam Street, W.C.2, “‘ Chassis 
~ Frame Construction and Repair,” C. F. Cunningham, 
0 p.m. 


Institution of Chemical Engineers 
Wed., Feb. 20th.—Mtptanp CENTRE, GRADUATES’ AND 
StupEents’ Secrion: The University, Edmund 
Street, Birmingham, ‘“‘The Human Factor in the 
—- and Operation of Chemical Plant,” W. Fletcher, 


p.m 
Thurs., Feb. 2lst.—Yorxsume CENTRE, GRADUATES’ 
AND SrupEents’ Section: The University, Leeds, 
“The Associate Membership Examination,” G. U. 


Hopton, 7 

Fri., Feb. Sa CENTRE, GRADUATES’ AND 
STUDENTS’ Section: Caxton Hall, Westminster, 
8. WwW. 1, ae Small General a Plant for Pharma- 


t,” V. C. Salvage, 6.30 p.m. 


Institution of Civil Engineers 


Tues., Feb. 19th.—Great George Street, Westminster, 
London, S.W.1, “* Festival of Britain, 1951: The 
South Bank Exhibition Buildin »” Ralph Freeman, 
R. T. James and Hugh Casson, 5. 0 p.m. 

Wed., Feb. 20th.—Y ORKSHIRE Assoctation : The Uni- 
versity, Leeds, “‘The Prest Cc t ie 
Skelton Grange Power Station,” J. N. Garden, 7 

Thurs., Feb, 2ist.—MipLanps AssoctiaTIOoN: Mi 
Institute, Birmingham, “Some Fuel and esr 
Projects,” H. Roxbee Cox, 6 p.m. 


Institution of Electrical Engineers 


Tues., Feb. 19th.—MEASUREMENTS SECTION : 
Place, London, W.C.2, “‘ The Automatic Com: 
of Zero-Drift Errors in Direct-Cou: ‘eedback 
Systems,” F. A. Summerlin; gh -Gain D. Cc. 
Amplifiers,” K. Kandiah and D. E. Brown ; 
of a Practical D.C. Amplifier Based on the Second- 
Harmonic T- of Magnetic Modulator,” 8. W. Noble 
and P. J. dall, 5.30 p.m.——S. MipianpD 
StupEnts’ SEcTION : lish Electric Com ay 
oe “* Hydrogen-Cooled Alternator,” T. O. es, 

15 

Thurs. Pieb. 21st. — UTILIZATION Section : Savoy Place, 
London, W.C.2, “Inherent Current, Vol and 
a Control in Dynamo-Electric Machinery,” J.C. 

cfarlane, J. W. Macfarlane and W. J. Macfarlane, 
5.30 p.m. S. Mipianp Centre: Midland Institute, 
a wi — Fuel and Power Projects,” H. 
Roxbee Cox, 6 

Fri., Feb. 22 —Epucassost Discussion CIRCLE: 
Savoy Place, London, W.C.2, Discussion on ‘ Engi- 
neering Graduation Theses at the University of Cape 
Town,” opened by B. L. Goodlet, 6 p.m. 


Institution of Engineering Inspection 
Wed., Feb. 20th.—N.W. Brancu: Engineers’ Club, 
Albert Square, Manchester, “‘The Non-Destructive 
Testing of Materials,” J. F. Hinsley, 7.30 p.m. 
Thurs., Feb. 21st.—WOLVERHAMPTON BRANCH : - Comp- 
ton Grange, Wolverhampton, ‘‘ Extrusion of Plastics,” 
C. E. Ceney, 7.30 p.m. 


Institution of Locomotive Engineers 
Wed., Feb. 20th.—Institution of Mech 1 E 


Storey’ 's Gate, London, 8.W.1, “‘ Recent 9 
in Vacuum Brake Equipment, ” G. C. Marsh, 5 


Institution of Mechanical Engineers 


To-day, Feb. l5th. ——Storey’s Gate, St. James’s a 
London, 8.W.1, “‘The Allocation of Machines 
Operators,” T. F. O’Connor, 5.30 ne 
Brancu, GrapuatTes’ Section: Neville Hall, West- 

te Road, Newcastle upon Tyne, “* Water Power,” 
. W..D. Carradice, 6.30 p.m. 

Mon., Feb. 18th.—Miptanp Brancu, GRADUATES’ 
Section: James Watt Memorial Institute, Great 
Charles aye Birmingham, “ Patents,” G. D. L. 
Campbell, 7 p.m.——Y ORKSHIRE Brancu : Technical 
College, Bradford, “‘ The Measurement and Interpreta- 
tion of Machinery Noise with § cen Reference to 
Oil Engines,” C. H. ip 
A.D. CEenTRE: Institution Badineuss and Shi 
builders, 39, Elmbank Crescent, Glasgow, “ 
Diesel Engine : Its Fuel and Operation,” 8. Wightman, 
7.30 

Tues., Pred. 
SECTION : Royal Technical Colle 
Jet and Turbo-Prop. Aircraft 
6.30 p.m. 

Wed., Feb. 20th.—SovuTHERN BRANCH: 
College, Bournemouth, Discussion on 
Sag Fuel—Engineers,” introduced by H. Moy, 

7 p.m.—WESTERN Branou : College of Technology, 
Unity Street, Bristol, “‘ Hi g core Flights with 
Free Balloons, ” C. F. Powell, 7 p.m. 'Y ORKSHIRE 
BRance: Station Hotel, Hull, “Excavators and 
Grabs,” Philip D. Priestman, 7.30 p.m.—N.E., A.D. 
Centre: The University, Leeds, Annual General 
Meeting, ‘ * Experiences During Twenty Years of Oil 
Engine Development,” C. B. Dicksee, 7.30 

Thurs., Feb. 2\st.—E. MipLanps Braycu, Gaapvarss’ 
Section: Visit to Platers and Stampers, Ltd., City 
Road, Derby, 7 p.m.——-MIDLAND BRANCH : Midland 
Institute, Paradise Street, Birmingham, ‘‘ Some Fuel 
and Power Projects,” H. ‘Roxbee Cox, 6.30 p.m. 
N.W. Branco: Engineers’ Club, Albert Square 
Manchester, ‘‘ The Size Effect in Fati 
Notched Steel eae Loaded 
Direct Stress,” C. E. Phillips and R. B. Heywood ; 
“Some Fati Tests on Aluminium Alloy and Mild 
Pye Sheet, With and Without Drilled Holes,” C. E. 

we Fenner, 6.45 p.m. 

ra eb. 22nd.—Storey’s Gate, St. James’s Park, 
London, 8.W.1, “ Factors wsemee rd the Utilisation of 
Anti- Knock Quality in Automobile 
Davis; ‘Recent Developments in 
Research, ” D. Downs and W. Wheeler ; 
Significance of Laboratory Octane Numbers in Rela- 
tion to Road Anti-Knock Performance,” H. J. Eatwelj 
and J. G. Withers ; two sessions, 4 p.m. and 5.30 p.m 
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19th.—Scottish Branco, GRADUATES’ 
, Glasgow, “ Turbo- 
gines,” J. Leggat, 


Municipal 
** Britain— 
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Institution of Production Engineers 

, Feb. 15th.—Srokx-oNn-TRENT SEcTION : N. Stafis 

ical College, Cauldon Place, Stoke. -on- Trent, 

of the Study of Working : Meth 

Miss A. G. rea 7.30 p.m.——W. Wares Seoemm, 
Central Library, Alexandra Road, Swanses, + t 
Deve! mts in Plastics,” E. M. Elliott, 7.39 mm, 

Mon., Feb. 18th.—Degrpy Section : Schoo of Art, 
Green Lane, Derby, “ Ball and Roller Bearing Manu. 
facture,” P. A. barn ion, 7 p.m.——MAaxcursre, 


SgctTion: Colle; echnolo Sackviilo Street, 
Manchester, ‘‘ The Toaeoon: Re Relation to Pro. 
duction,” H. W. Townsend, 7.15 ae 
Szcrion: N. of England Institute o ing and 
Mechanical Eng‘neers, Neville Hall, Sg stle upon 
Tyne, Annual General Meeting and Film Show, 7 p.m, 
Tues., Feb, 19th.—CovENTRY GRADUATE SECTION : pa 


and Squirrel Hotel, Cow Lane, yen Douglas D, D. 
Davis Award: Part (B), Set Sub; jects, ** Modem 
Trends in Chip-Forming Tool Design,” 7.15 ». “i 
WOLVERHAMPTON GRADUATE SECTION: Siar 
Garter Hotel, Victoria Street, Wolverhampton <3 
Pa ae Opportunity in Industry, om A. Dyson, 
Wed., Peo 20¢th.— BIRMINGHAM SECTION: Jaiics Watt 
Memorial Institute, Great Charles Street, Birn ingham, 
” ay toner of Output as Applied to the P voce 
of American Brassfoundry Work, with reference to 
the Report of the Ere teh a Productivity Team,” 
F. E. Rattlid 7 DINBURGH SEctioy ; 
North British Station fotel, Edinburgh, ‘The Denny 
Brown Ship Stabiliser,”’ J. W. Sinclair, 7.30 ; >a 
LiverRPooL SECTION: _, Exchange Hotel, ‘Tithebam 
Street, Liverpool, 2; “ Recent Developments j in the 
Economic Use of Materials,” 7.15 ey ar N. InELanp 
Section: Municipal Colle; echnology, Belfast, 
“* Some ne Set- ay in’ Modern Machine 








Tools,” § Smith, 7.30 W Pr 
SECTION : oom Hotel, mie * “* Engin ring Aspects 
of Mass Production in a + a Factory,” 
Hugh Rogers, 7.15 ‘ 

Thurs., Feb, 2ist.—Coventry Section: Geisha Cafe, 


Hertford Street, Coventry, “Rolling Bearings in 
Service,” R. K. Allan, 7 p.m.——Guascow Secrioy: 
Institution of Eng sand Shipbuilders, 39, Elmbank 
Crescent, Glasgow, ‘“‘ Engineering in the Foundry,” 





J. Arnott, 7.30 p.m.—_——LEIcEsTER SECTION : 
of Art and Technology, The Newarke, Leinely 
‘“* Production Problems in Building the ‘ Brabazon 
Aircraft,” F. J. Chard, 7 p.m. 


Institution of Struetural Engineers 
Tues., Feb. 6 —Lonpon GRADUATES’ AND STUDENTs’ 
SECTION : 1. Upoes Melgcove Ge Street, 5.W.1, “ Alu. 
minium,” R. ‘A Jenkins, WaLes 
AND MONMOUTHSHIRE Brancw: 8. S. Wales Tnstivees of 
Cardiff, “* Aber. 


Engineers, Park Place, 
tillery Bridge,” Wallace A. Evans, 6.30 p.m, 


ved., Feb, 20th—Yorxsurre Branco: The Uni- 
versity, Leeds, ‘‘ Prestressed Concrete » Skelton 
eg Power Station, Leeds,” James N. Garden, 
p.m. 
Junior Institution of Engineers: 
Topp. * Feb. 15th.—39, Victoria Street, London, 8,W.1, 
Revceg ts in Arc Welding Electrodes, 
D. H. a Young, 6 4 gy 
Sat., Feb. 16th.—N. Section: Manchester Geo- 


graphical Society, 16, St. Mary’s Parsonage, 
chester, Discussion on Paper, “Impressions 
America,” Frank Burgess, 2.30 p.m. 
Tues., Pala recy peg LD ewer aii : Royal Victoria 
Station Hotel, She ° terprise in 
F. R. Banks, 7.30 7” eee. 
F Ti, Feb. 22nd. ae ae Victoria Street, London, 8.W.1, 
‘the Lessuns of the Anglo- American Productivity 
Reports,” R. G. Hooker, 6.30 p.m. 
Manchester Association of Engineers 
Fri., Feb. 22nd.—Engineers’ Club, Albert Square, Man- 
chester r, ‘* Prestressed Concrete,”’ G. B. Tait, 6.45 p.m, 
Ministry of Works 
Mon., Feb. 18th.—Croydon Sy fers Selhurst Road, 


South Norwood, 8.E.25, Concrete,” 
O. J. Masterman, 7. 30. m. 


North-East Coast Institution of Engineers and Shipbuilders 


Fri., Feb. 22nd.—Mining Institute, Newcastle upon Tyne, 
“Aluminium Alloys as Shipbuilding aterials,” 
E. C. B. Corlett, 6.15 p.m, f 

Royal Aeronautical Society 


Tues., Feb. 19th.—4, Hamilton Place, London, W.1, 
“* Recent Development in Glider Design,” K. G. 
Wilkinson, 7 p.m. 
Thurs., Feb. 21st.—Electricity Showrooms, Hull, ‘‘ Power 
Steering for Aircraft,’’ K. G. Hancock and P. Person, 


7.30 p.m. 
Royal Meteorological Society 
Wed., Feb. 20th.—Institution of Electrical Engi neers, 
Savoy Place, London, W.C.2, Discussion on ‘* Meteor- 


ology and the Operation of Jet Aircraft,” 3 p.m. to 
7 p.m. 
Sheffield Society of Engineers and Metallurgists 
Mon., Feb. 18th.—The University Building, St. George's 
Square, Sheffield, ‘‘ The Work of the Metal- loan 
Laboratories of the British Iron and Steel Researe 
Association,” W. C. F. Hessenberg, 7.30 p.m. 


Society of Chemical Industry 
Thurs., Feb. 2lst.—Roap anp Burtpinc MATeERIAIs 
Grovr: Institution of Structural Engineers, 1l, 
Upper Belgrave Street, London, 8.W.1, ion 
on “British Standards for Bitumi Materials 
Used in the Road and Building Industries,” 6 p.m. 


Women’s Engineering Sdciety 
To-day, Feb. 15th.—35, Grosvenor Place, London, 8.W.1, 
‘ Organisat tion—The Women’s Engineering Society,” 





7 p.m, 
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